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ABSTRACT 

Acquisition of an aversively reinforced conditioned suppression 
response to the components of a compound CS, tone plus light, was 
assessed under conditions in which the prior reinforcement histories cf 
the components differed. Tab Ene rinene I, two aversive USs (loud noise 
and foot shock) differing in modality but matched in reinforcement value 
were used in a two phase single- to compound-CS conditioned suppression 
transfer task. For Group T, the modality of the US used in the first 
phase differed from that used in the second. For Group B, the modality 
of the US remained the same between phases. For Group C, the single-CS 
conditioning phase was omitted. Results revealed. that prior conditioning 
of the foot shock to one of the components of the compound CS reduced or 
blocked the other, added or redundant, component.from acquiring the 
conditioned suppression response in Groups T and B. However, when loud 
noise was used in the first phase of conditioning, blocking of the added 
CS component was only observed in Group B. 

In Experiment II, the transfer condition of Experiment I, Group T, 
was essentially replicated except that fewer conditioned suppression 
training trials were given in the first phase of conditioning in an 
effort to determine whether the directional effect noted in Experiment 
I was the result of habituation of the noise US during the extended 
training trials administered during the first phase of conditioning in 
that experiment. Results were consistent with those of Experiment I, 
Group T, when foot shock was used in the prior conditioning procedure. 
Secondly, when noise was used blocking of the added CS component was 
substantial, indicating that habituation of the noise US may have 
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accounted for the directional effect noted in.Experiment I. These 
results suggest that changes in the potency as opposed to the quality 
of the US are important in reinstating the associative process in a 
conditioned suppression transfer task. 

In Experiment. III acquisition of an aversively reinforced conditioned 
suppression response to a neutral stimulus,. X, was assessed when that 
stimulus was placed in compound with a discriminative stimulus (s?) 
which had an associative history involving appetitive reinforcement. 
The results of this study failed to show that acquisition to the X 
component was influenced to any marked degree. by the presence of the 
sh and vice versa. This conclusion was based upon comparisons of the 
level of acquisition of the conditioned suppression response in control 
subjects who were conditioned to either X or sD alone. 

A second finding was that the X component when placed.in compound 
with an sP failed to acquire $2 properties during the conditioning 
phase of the experiment even though responding and reinforcing 
conditions favored it. Thus, it appears that a stimulus can fall victim 
to blocking in one of two simultaneously reinforced tasks (the Sos" 
task) but acquire associative strength in the other (the conditioned 
suppression task). 

Results of these experiments were viewed as being consistent with 


a noninformational interpretation of conditioning in accordance with 


the Rescorla and Wagner model. 
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CHANGE IN EFFECTIVE REINFORCEMENT VALUE AS A FUNCTION 


OF PRIOR CONDITIONING 


Background 


A robust and intriguing phenomenon in conditioning was recently 
revitalized by Kamin (1968; 1969) who observed that following conditioned 
suppression training to a compound conditioned stimulus (CS), AX, the 
ability of the X component to suppress behavior when tested alone was 
related to whether or not the A component had received prior conditioned 
suppression training. More specifically, in a group of rats not 
conditioned to the A component prior to the compound-CS conditioning 
trials, the X component when presented alone was clearly as effective 
in suppressing ongoing behavior as the A component. However, in a 
group that received prior conditioning to the A component, the X 
component was found to be ineffective in suppressing behavior. Thus, 
prior conditioning of the A component appeared to prevent or "block" 
the X component from acquiring the conditioned suppression response 
during the compound-CS conditioning trials. Following Kamin (1968) 
this observation will be called the blocking effect. 

Although a similar effect had been observed in animal discrimination 
learning using a variety of go/no-go tasks (see Lashley, 1942; 1970; 
Mackintosh, 1965; Sutherland & Holgate, 1966; Johnson, 1970; Miles, 


1970; vom Saal & Jenkins, 1970), Kamin's extension of this effect to an 
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2 
essentially classical conditioning task, conditioned suppression, was 
particularly important for it served to highlight the enigma presented 
by this basic observation Gor traditional learning theory; that is, 
that a stimulus presented in temporal contiguity with a reinforcer can 
apparently be prevented from acquiring associative strength if another 
stimulus previously associated with that reinforcer is presented at the 
same time. Moreover, the extension of this effect to a conditioning 
task in which reinforcement is programmed independent of responding 
eliminated the need to provide elaborate controls necessary in ruling 
out effects due to unequal distributions of "correct" and "incorrect" 
responding during the prior and subsequent compound conditioning 
phases of the training procedure. 

Although explanation of the blocking effect in the animal discrim- 
ination literature had typically been cast in terms of attentional 
concepts (see Sutherland & Mackintosh, 1971, for an extensive review 
of this literature), Kamin proposed the hypothesis that blocking 
results from the fact that the unconditioned stimulus (US) loses its 
ability to function as a reinforcer in the presence of a CS which has 
previously been paired with it. This concept, that the effectiveness 
of a reinforcer is relative and that its effectiveness may be anchored 
in some manner in the degree to which the CS has become associated 
with it, was subsequently seen to provide the cornerstone of perhaps 
the most influential model of conditioning that has been advanced in 
recent years (e.g., Rescorla & Wagner, 1972; Wagner & Rescorla, 1972). 
Not only has the Rescorla and Wagner model of conditioning been shown 


to be capable of accounting for most if not all of the findings regarding 
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3 
the blocking effect reported by Kamin, it is also purported to account 
for such diverse conditioning phenomena as Savievtsa overshadowing, 
conditioned inhibition, ane learning of contingencies, and extinction 
during continued reinforcement to name but a few (see Rescorla, 1972; 
Rescorla & Wagner, 1972; Wagner, 1971; Wagner & Rescorla, 1972, for 
reviews of this literature). 

The concept of relative reinforcement value was initially posed in 
informational terms by Kamin, and in quasi informational terms by 
Rescorla and Wagner. However, Rescorla (1972) has recentay advanced 
the argument that the assumption that a CS provides "information" 
regarding upcoming events is not a necessary concept in their model and 
that the assumption has in fact outlived its usefulness. It is this 
issue that the present research was designed to address. 

The following is a review of the findings most relevant to this 
issue. Accompanying this review will be a discussion. of the attempts 
of Kamin and Rescorla and Wagner to account for these findings in 
informational or quasi informational terms along with Rescorla's 
noninformational interpretation. 

Theoretical Issues 

As a result of his work on the blocking effect, Kamin (1968; 1969) 
hypothesized that associations only seem to be formed when the US is 
to some degree "surprising;" that is, when its occurrence is not 
already predicted by other stimulus events. Thus, when element A cf 
a compound CS, AX, predicts the occurrence of the US as a result of 
prior conditioning, the effectiveness of the US to act as a reinforcer 


is diminished and conditioning to the X component is therefore precluded 
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or blocked. 

This hypothesis is based on a number of experimental manipulations 
(Kamin, 1968; 1969); however, the outcome of three of these manipulations 
is most relevant to the issue at hand. In the first case, the level 
of conditioning established to the A component during the prior 
conditioning phase of the basic blocking procedure was manipulated in 
an effort to change the degree to which the G would produce suppression 
during the initial stages of the compound-CS conditioning phase. In 
the second and third cases, the US event itself was changed between 
conditioning phases so that its occurrence during the compound-CS 
conditioning phase would presumably be surprising. 

In the first case, Kamin found that if prior conditioning of the 
A component was less than asymptotic before the compound-CS conditioning 
phase, blocking of the X component was reduced proportionally. In the 
second case, when the intensity of the US, a brief electric shock to 
the feet, was increased from 1 mA to 4 mA between conditioning phases, 
blocking was found to be markedly reduced even though control groups 
receiving either a 1 mA or a 4 mA shock throughout did display the 
blocking effect. Thirdly, when a second unpredicted US of equal 
intensity was delivered 5 sec after the original US during the 
compound-CS conditioning phase, blocking was again disrupted. In each 
instance, it was argued that blocking was disrupted because the 
occurrence of the US during the compound-CS conditioning phase was in 
some sense surprising to the subject. On the other hand, under 
conditions in which the US event was not considered to be surprising, 


blocking was found to occur. 
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5 
Starting from the same basic concept, that the effectiveness of a 
US to function as a reinforcer is degraded in a manner proportional to 
its predictability, Rescorla and Wagner (Rescorla & Wagner, 1972; 
Wagner, & Rescorla, 1972) hypothesized that the effective reinforcement 
value of a US is directly related to the difference between the amount 
of associative strength potentially capable of being supported by the 
US and the amount of associative strength actively involved in 
predicting or "signaling" its occurrence on any given occasion. Although 
the above sentence relays the essence of the hypothesis underlying 
Rescorla's and Wagner's model, the following quotation and now familiar 
equations present a more complete description of how their model 
accounts for differential changes in associative strength when two 
stimulus elements are involved. 
Consider a situation in which a compound 
stimulus, AX, is followed by a given reinforcer, 
US,- The equations below describe the theoretical 
change in conditioning to the component stimuli, 
Avand eX, bas iaveresulteof sacsinglersuchstrial..(V 
represents the associative strength, or amount of 
conditioning to A, and is presumed to be monotonically 
related to such dependent measures as probability 


of response or latency of response. 


AV =a 48, (Ay-Vay) 


AV y=ay8, (A4-Vyy) 


The parameter A, represents the asymptote of 
conditioning supportable by the applied US, 3 

it is US-dependent and is subscripted to indicate 
that. The gq and g are learning-rate parameters 
dependent, respectively, upon the qualities of 
the CS and the US. (Rescorla, 1972, p.11) 


It should be noted that for present purposes the term Vay in the above 


equations is assumed to be equal to the algebraic sum of My and Vy3 
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6 
thatsiss VayiVa + Vy (Rescorla, 1972). Secondly, a special condition 


of this model is that when V 


AX is greater than 1, negative associative 


strength is acquired. 

This model accounts for the blocking data presented above in the 
following manner. When stimulus A, because of prior conditioning, 
engages all the potential associative strength that the US is capable 
of reinforcing Q-V,=0), further increments in associative strength to 
either of the components will be reduced to zero during the compound-CS 
conditioning phase. Conversely, when Vax is less than A at the 
beginning of the compound-CS conditioning phase, either because prior 
conditioning to the A component was less than asymptotic or because 
the reinforcer used during the compound-CS conditioning phase (US. ) 
was changed from that used during the prior conditioning phase (US,) so 
that do is greater than Ay> increments in associative strength to the 
components will be greater than zero. Thus, corresponding to the 
findings reported by Kamin cited above, degree of blocking is correctly 
predicted in the first instance and disruptions in blocking are 
correctly predicted in the second and third instances. 

The difference between Kamin's notion of the relative effectiveness 
of reinforcement and that of Rescorla and Wagner's centers around the 
reasons each theorist gives for why the effectiveness of a reinforcer 
is reduced under conditions reed eas For Kamin, it is as if the 
processing of information relevant to an event of some significance to 
the animal is halted once the occurrence of that event is fully 
predicted. On the other hand, if some aspect of the event is changed, 


say for instance the addition of a second US shortly after the first, 
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it is as if the processing of information relevant to that event has 
been renewed. For example, in accounting for the apparent ineffective- 
ness of a predicted US in reinforcing conditioning, Kamin (1969) 
suggests that perhaps such a state of affairs "strips" the US of its 
ability "...of instigating some 'processing' of the memory store of 
recent stimulus input, which results in the formation of an association 
(063) a8! 

In some respects the issue is less clear in Rescorla and Wagner's 
model. Although it is clear that further conditioning is blocked under 
predicted conditions in their model because in predicting that event the 
CS has accounted for all of the associative strength that the US is 
capable of supporting, it is not clear to what degree this process is 
dependent upon information as such. In their theorizing, for instance, 


"signal 


the V value of a stimulus is often referred to as the amount of 
value" that a stimulus has acquired. Moreover, the use of the terms 
"predicted" and “unpredicted" in relation to the occurrence of the US 
leads one to believe that they too are working within a theoretical 
framework that involves expectancies and information. 

This issue has recently been addressed by Rescorla (1972). In 
-that article, Rescorla took exception to the information-like language 
used in earlier versions of the Rescorla and Wagner model and suggested 
that the V value of a stimulus should not be thought of as the degree 
to which a stimulus signals or predicts an upcoming event. Rather, it 
should be thought of as merely the amount of associative strength or 


conditioning that has accrued to a given stimulus. Thus, the degree 


to which information about the US is available to the animal as a result 
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8 
of some "signaling" processes is not considered to be a critical 
concept in the model. Rescorla then reviewed the relatively limited 
body of literature that has been reported to indicate that information 
relevant to the upcoming US is important in conditioning and proceeded 
to show that the model could adequately account for the data in each of 
the instances where the findings had been found to be replicable. 
Noteably, these were the experiments by (1) Rescorla (1966, 1967) which 
showed that animals appear to learn "contingency" relationships between 
CS and US events, (2) those by Wagner (1969a; 1969b) which showed that 
animals appear to learn the "validity" of a CS for forecasting upcoming 
US events, as well as (3) those by Kamin (1968, 1969) regarding the 
blocking effect. 

The following is a review of recent findings which bear on the 
issue of change in effective reinforcement value as a function of prior 
conditioning. Reports of findings which tend to favor Kamin's 
informational interpretation will be presented first. These will be 
followed by reports favoring Rescorla's noninformational interpretation. 
Recent Empirical Investigations 

Wagner, Rudy and Whitlow (1973) have reported a series of 
experiments interpreted as supporting Kamin's hypothesis that "unexpected" 
or "surprising" CS-US episodes promote learning by instigating some 
processing of the memory store; a process which is assumed to be 
necessary for associative learning. Kamin (1969) suggested the term 
“retrospective-contemplation" as referring to the process generated by 
a surprising event. Wagner et al. (1973) have Sundeseed the term 


"rehearsal" to refer to the same process in an effort to underline the 
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9 
similarity of this concept with recent theorizing in the human memory 
literature (see Atkinson & Wickens, 1971). Associative learning is 
viewed by these researchers to be the result of subject engaging in the 
rehearsal of events occurring in the just recent past. Since rehearsal 
is seen to be instigated by unexpected events, the occurrence of a US 
that is already predicted by a CS, or CS component, will not command 
rehearsal. As a consequence, further associative learning involving 
the CS-US episode will be curtailed; a condition which is presumed to 
account for the blocking effect. In addition to these basic assumptions, 
Wagner et al. have incorporated a further assumption common to the 
human memory literature. This is the assumption that due to limitations 
in processing capacity, the rehearsal of one CS-US episode can be 
disrupted by the subsequent occurrence of a second episode that also 
commands rehearsal. 

In order to test these assumptions within an animal conditioning 
paradigm, Wagner et al. (1973) assessed the rate of acquisition of 
eyelid conditioning in rabbits under conditions in which the target 
CS-US episode was followed 10 sec later by a second CS-US episode. In 
some conditions, the second CS-US episode was designed to be "incongruent" 
with the subjects’ prior conditioning history and in others it was 
designed to be "congruent." The hypothesis tested was whether 
incongruent as opposed to congruent episodes would disrupt rehearsal 
of the target CS-US episode. 

The data clearly revealed that rate of acquisition of the target 
CS-US eoteod eras reduced when followed by a second CS-US episode that 


was incongruent as opposed to congruent with the animals prior 
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10 
conditioning history. These findings were interpreted to indicate that 
incongruent episodes (that is, unexpected or surprising events) command 
rehearsal in their own right and therefore disrupt rehearsal of the 
target CS-US episode, whereas congruent episodes do not. Secondly, 
these findings indicate that rehearsal is necessary for associative 
learning since presumed aie rameions in the rehearsal of the target 
CS-US episode reduced its rate of acquisition. Thus, new learning can 
be retarded by disrupting its rehearsal, and the rehearsal of a target 
CS-US episode can be disrupted by the subsequent occurrence of an 
unexpected or surprising event which, by commanding rehearsal in its 
own right, competes with the rehearsal process of the target episode. 

In addition to pointing to the importance of "rehearsal" in the 
acquisition of associative learning in nonhuman subjects, the findings 
of Wagner et al. (1973) are consistent with Kamin's (1969) hypothesis 
that unexpected (or incongruent) CS-US episodes command some special 
processing (rehearsal) necessary for associative learning, whereas 
expected (or congruent) episodes do not. However, what remains unclear 
is whether disruptions in blocking (or the reinstatement of rehearsal) 
result from the occurrence of US events that merely occasion "surprise" 
on one hand (e.g., Kamin, 1969), or represent a change in reinforcement 
magnitude on the other (e.g., Rescorla, 1972). 

A study that purports to address this issue has recently been 
reported by Gray and Appignanesi (1973). In that study blocking of a 
conditioned suppression response was found to be disrupted when a 
brief, .30 eter unpredicted exposure of the same stimulus elements 


that served as the CS in the conditioned suppression task were 
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EL 
presented shortly after the US during the compound-CS conditioning 
phase of the basic blocking procedure. In addition, it was found that 
post-US presentations were only disruptive of blocking when they occurred 
5 sec or less after the US. When the post-US event occurred 10 sec 
after the US, blocking was not noticeably disrupted. Following Kamin, 
Gray and Appignanesi argued that blocking was disrupted under these 
conditions because the occurrence of the unpredicted, surprise stimulus 
somehow caused the subject to "...reassess the significance of the 
preceding compound CS (Gray & Appignanesi, 1973, p.379)." 

Although this study differs in a number of ways from that of Wagner 
et al. (1973), the post-US event in Gray and Appignanesi's study is 
similar in many respects to what Wagner et al. termed an "incongruent" 
CS-US episode. However, interpreting Gray and Appignanesi's study in 
this manner tends to make their findings somewhat confusing since the 
occurrence of an incongruent episode shortly after the target compound-CS 
conditioning trials should have served to further disrupt rather than 
promote the acquisition of associations between the X component and the 
US; and this is the opposite of what was found. 

An alternative interpretation of this study, and one that is more 
in keeping with Rescorla's (1972) position, is that due to the specific 
nature of the surprising post-US stimulus used (a brief exposure of the 
same stimulus elements that also served as the CS), the occurrence of 
that stimulus may have served to increase the total magnitude of the 
US since the post-US event would presumably have acquired secondary 
reinforcing properties as a result of being paired with the US during 


the prior conditioning procedure. Moreover, the finding that longer 
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2 
delays between the original US and the surprising post-US stimulus were 
less effective in disrupting blocking in this study can be seen to be 
consistent with this interpretation since delay of reinforcement has 
commonly been shown to lessen the effectiveness of reinforcement. 

Gray and Appignanesi, eaeeieet argue against this interpretation, favoring 
instead the more cognitive interpretation that it was the surprising 
nature of the unpredicted post-US event that caused the X component to 
acquire the conditioned suppression response and not the mere fact 

that the post-US manipulation tended to make the total US event a more 
effective reinforcer by increasing its magnitude. Unfortunately, 

however, these authors failed to report any control conditions that 

would serve to rule out this alternative interpretation. 

In Rescorla's (1972) paper on the role of information in conditioning, 
an experiment was reported which tends to support this alternative 
position. In that experiment, prior conditioned suppression training 
to the A component in the basic blocking procedure was carried out 
with either a 2 mA .5 sec foot shock or a .5 mA 2 sec foot shock. 

During the compound-CS conditioning phase of the procedure, the USs were 
switched so that subjects previously conditioned to the short-strong 

US underwent conditioning to the long-weak US during the compound-CS 
conditicning phase, and vice versa; a change in US that may be considered 
to be "surprising". On the basis of earlier work carried out in 
Rescorla's laboratory, it was reported that both USs were able to 

support equal levels of conditioned suppression, thus their relative 
magnitudes Gir ednioreeuent were considered to be essentially equal. 


What this experiment revealed was that changing the US between phases 
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in this manner did not appear to have any effect on the basic blocking 
effect. Thus, a noninformational interpretation of the Rescorla and 
Wagner model appeared to be supported md it was concluded that "'... 
information about the qualitative properties of the US is not critical 


' even though changes in such 


to conditioning (Rescorla, 1972, p.16),' 
qualities may represent an incongruent or surprising event. What is 
assumed to be important, on the other hand, is the relative difference 
between the magnitude of reinforcement required to support the level 

of associative strength accrued to the CS on the basis of past trials 

and that actually delivered by the US in the present trial. 

Although the results of this experiment strain an informational 
interpretation of the blocking effect along the lines of Kamin's surprise 
hypothesis, the immediate question that arises is to what degree would 
a more dramatic change in US quality yield similar results. Perhaps 
the "surprise" generated by a change in US duration is not very great 
for-asratsinia Bondet ones suppression task. 

Bakal, Johnson and Rescorla (1974) recently reported an experiment 
that was intended to extend this finding to USs differing in quality 
more than those employed by Rescorla (1972). In this study, foot shock 
‘and a loud burst of noise from a klaxon horn were used as the two USs, 
with tone and light serving as CSs. 

Unfortunately, the results of this experiment were confounded by 
a strong stimulus modality interaction in that the tone component in 
the compound-CS control conditions was found to acquire only a minimal 
level of conditioning when klaxon was used as the US. When foot shock 


was used, however, both the tone and light acquired good levels of 
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14 
conditioning. In other words, the parameters of the auditory CS and 
the auditory US used by Bakel et al. appeared to be unfavorable for the 
establishment of a conditioned suppression response involving these two 
stimuli when the tone stimulus was presented in compound with the light. 

Although this interaction makes the interpretation of their findings 
very difficult, what they Paid was that when subjects were conditioned 
to foot shock during the first phase of the blocking procedure and then 
switched to the klaxon US during the compound-CS conditioning phase, 
the X component (regardless of its modality) did not acquire the 
conditioned suppression response; that is, blocking was not disrupted 
under these conditions. On the other hand, when the direction of the 
between phase change was from klaxon to foot shock, blocking was 
substantially disrupted. 
In interpreting the results of this experiment, Bakel et al. 

suggest that the findings tend to be most consistent with a noninforma- 
tional interpretation of blocking along the lines of the Rescorla and 
Wagner model as interpreted by Rescorla (1972). This interpretation, 
however, is contingent upon the assumptions that the klaxon was a less 
potent US than foot shock and that tone was a less salient CS than 
light. However, the only data reported in support of such a claim was 
the observation that tone failed to acquire the conditioned suppression 
response in the compound-CS control conditions when klaxon as opposed 


to foot shock was used as the US. 


As a consequence of the lack of an adequate data base upon which 


to form any firm conclusion regarding the role.-of information in blocking, 
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15 
it is apparent that further research relevant to this issue is needed. 
In the first experiment to be reported, a design similar to that of 
Bakel et al. (1974) was used in an attempt to clarify the effects of 
change in US modality on blocking. 

In this experiment, an aversive tactile stimulus (foot shock) and 
an aversive auditory stimulus (a loud burst of noise) were used as USs 
with the assumption that a between phase change in the modality in 
which the US is delivered would constitute a "surprising" or "incongruent" 
event. Secondly, by selecting appropriate parameters for each of the 
two USs so that both can be shown to support similar levels of 
conditioning, it is argued that this experiment should not only provide 
a test of the surprise hypothesis of Kamin in a situation where 


concomitant changes in reinforcement magnitude have been controlled, but 


also provide a test of the generality of the Rescorla and Wagner model. 
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EXPERIMENT I 
Meatody 
Subjects and Apparatus 
The subjects were 24 Long-Evans male rats weighing 250-300 gm at 

the start of the experiment. They were maintained at 80% of their 
normal body weight throughout the experiment. 

| The experimental chambers sonsiteted of four Skinner boxes (LVE 
Model 1417). The grid floor was connected to a custom made constant- 
current shock source capable of delivering a photoelectrically-scrambled 
electric shock at approximately 10 lines per sec. This arrangement 
permitted the presentation of an averisve tactile stimulus. A protruding 
food cup and a single bar were mounted in opposite corners of one end 
wate Located behind this end wall was a food magazine capable of 
delivering single 45 mg Noyes food pellets to the food cup. Mounted 
on the rear side wall directly adjacent to the bar and 2-in above the 
grid floor was a high intensity speaker (Phillips, AD-160/T8). A custom 
made white noise source was relayed through a 40-watt power amplifier to 
this speaker using a custom made electronic switch in series with an 
electromechanical relay. The electronic switch had a rise time of 8-10 msec 
which was sufficient to dampen the "popping" noise that accompanied the 
closure of the electromechanical relay. The electromechanical relay was 
used in turn to prevent the highly amplified white noise from "leaking" 
through the electronic switch when open. This arrangement permitted the 
presentation of an aversive auditory stimulus. Measurement of the 


frequency characteristics of the aversive auditory stimulus revealed 
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that peak amplitude was maintained between the frequencies of .8 and 5 
kHz. The amplitude of the signal was sharply attenuated below .8 kHz. 
Above 5 kHz, the amplitude gradually tapered off to a minimum at 
approximately 12 kHz. 

Each Skinner box bl enclosed in a light- and sound-resistant shell 
(LVE Model 1417C). Mounted on the inside rear wall of the shell was a 
28-VDC light bulb and a second speaker. A 240 Hz pure-tone source was 
electromechanically relayed to this speaker through a second amplifying 
system. These arrangements permitted the presentation of neutral visual 
and auditory stimuli subsequently to be used as the conditioning 


‘stimuli (CS_ and CS. respectively). Mounted on the side wall of the 


L 
shell was an exhaust fan that produced a continuous level of background 
noise at 65-67 db SPL (Dawe Instruments Ltd. Type 1400G). All programming 
and recording equipment were located in an adjoining room. 
Procedure 

In the first session, subjects were magazine trained on an automatic 
FI-60 sec schedule for food reinforcement. In addition, each bar press 
yielded a food pellet. These sessions were continued until the subject 
made approximately 50 bar presses at which time the automatic and 
continuous reinforcement schedules were discontinued and a response 
contingent VI-30 sec schedule came into effect. No subject required 
more than three sessions of bar press training before being placed on 
the VI-30 sec schedule; shaping was used when necessary. Following an 
additional session of VI-30 sec training, subjects were given 3-5 
subsequent sessions of training on a VI-90 sec schedule of reinforcement 


before being transferred to a VI-250 sec schedule for the remainder of 
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the experiment. All daily sessions were 90 min in duration throughout 
the experiment. 
Following VI training, subjects were given two Pretest sessions in 


which CS, and CS, were alternately presented twice for 60 sec each. The 


CS,, was presented intermittently (5 sec "on"; 5 sec "off") at an intensity 
of 80-82 db SPL (recorded during continuous presentation with the exhaust 
fan on). Intertrial intervals ranged between 8-16 min with the first 
trial commencing 10-15 min after the beginning of the session. Selection 
of CS parameters was based on pilot work that had been designed to match 
the saliences of these stimuli (see Appendix L). 

Following the Pretest trials subjects were divided into 3 groups of 
eight subjects each. During Phase I conditioning, Transfer (T) and Blocking 
(B) Groups were given four sessions of single-CS conditioned suppression 
training. Each conditioning session consisted of four 60 sec presentations 
of either CS. or cS, terminated by a 1 sec US. For half of the subjects in 
each group an aversive tactile stimulus was used as the US. This stimulus 
was an electric shock to the feet at an intensity of 1 mA (US ,). For the 
remainder an aversive auditory stimulus was used as the US. This stimulus 
was a burst of noise at an intensity of 114-116 db SPL (US); CS-US 
combinations were balanced within groups. Selection of US parameters was 
based on pilot work that had been designed to match the reinforcement 
values of these stimuli (see Appendix J). No single-CS conditioned 
suppression trials were given to subjects in the Blocking Control (C) Group. 
This group was maintained on the VI schedule throughout Phase I. 


During Phase II conditioning, all subjects were given two sessions 


of compound-CS conditioned suppression training. Conditioning procedures 


f 3 - : : f 7 in o y Aa’ 
migeiiias raAdoast! bt — be acl a tone: we ie, “ 


ited Mmseee’. gnris a wks ae éisubhane *anwatara Hi 
* son Us sal ofi7t neo 7 GFesacanerts! ee hal ‘a 
or sy ' weg el" pe et 2 a tehts ntact batas 


te dik lars eed ddan iP, hare: a bapty Hi hallrargy) 13 e 


i wis dae ag ini Vieeded eked béviad ie jedzas 


~ e 
bausis He ) to -gaivities:. MbIGA: iter clog aciag 
& ‘ ai) Vee: nei Pei deh ie io Sty Fas ne panei enw. “ates rl 


Sue prbicnne® 5%) Reka bp qe t-2o" 


<i abl babi obdc dein et iobldaa alee Sat TS tite 


. 


yy “| nee | ) ay boro SR AGS id sunk a yi ~<isit hie ay ss 
: 3 J x ) 


” 

he 

i “Ll 

Mi = fae tipi Pe At ay lA iH. Md ESE Biles Hert, sia A iy’ . 

; 7 : MS r. 2 ‘ 
j 


- 
a 
x an 


d ‘ eS a | p 
awe sob DA Sons.465 Se ES ie Le S94 id oad 
ae: en. sn5 of oo ; | ’ my ; 
ax . ietton 4X y aah t & vast testa 3 ee 
pitrriss 2sihi Fey: ae bysecss aT sunita ‘ciracthoiniaehs ian ee 


| bfa.o0%, epey pes tte plies ted api 4s ids ies oF “pa oreae zi 
: : 7 


a4 
a 
BAe, 


ay 


dytveloa Sle |, O89 a6 boan 2h halen Sol piigaflvin Sali ables e's 


ei} ay) V Pos Ase cbotutle all, be gaabnita Ph te budien 6 aga Be 

“eee me 

oe 
susinp pista t Al fisice oy hequlest Apa bak 2h" Aw iwidy oo 

ae or 


beinl tities Bo-alpate Wh" | (l. x) Sndaqh sar “tbat su thy ‘bei 


Oy 2), ) = ae: : : pa hee be 
Gitor 6a) basal et audtoott ai? wh aS eae Oo Twi erew, stab — BY 


now ciupeieteg. ay to oetsoel 24 tela “0h ASX8 henngied shee sted 


45, a 


wey 
4 


Lae F 


a 7 > Secani shodiguers) } aieenigos 1¥ ails oe- ee Aas tant Gane oor al 
i- a v 
anplatce oa anvtg hill rsobt dr Sie ebidnelas tis: i ‘ac iro 435 


, 
Pm type arasiotatinss cgitaem necvnsttus Bauttthn s! BY ton cat - 
| oo) - re ual ww Wr | wi 


7 
a Ff 


ove 


1g 

during Phase II were similar to those in Phase I except that the former 
cS, and CS. were presented simultaneously to form a compound CS. In 
Group T, the US used in Phase II conditioning differed in modality 
from that used in Phase I. In Group B the modality of the US remained 
the same. The modality of the US was balanced for subjects in Group C. 

Following Phase II Dy ckeeeeter a subjects were given four Test 
Be Nisua: During each Test session the compound-CS components were 
alternately presented in random order for 60 sec in the absence of the 
US on two occasions each. Intertrial intervals during conditioning 
and testing were randomized according to the parameters used in the 
Pretest condition. 
Data Collection and Analysis 

Bar press rate was automatically recorded during the CS period (CS 
rate) and the 60 sec period immediately preceding the CS (pre-CS rate). 
These data were then used to calculate trial-by-trial suppression ratios 
by dividing the sum of the CS and pre-CS rates into the CS rate. A 
suppression ratio of .5 calculated in this manner indicates that pre-CS 
and CS bar press rates were equal. A suppression ratio of 0, on the 
other hand, indicates complete suppression of bar press behavior during 
the CS period relative to the pre-CS period. In instances where both 
the pre-CS and CS rates were zero (0), a mean suppression ratio based on 
the ratios of the trials immediately preceding and succeeding this 
trial was used. Zero pre-CS and CS bar press rates occurred on no more 
than 12% of the trials in any of the experimental conditions. Moreover, 
these instances were randomly distributed across groups. Between group 


variance estimates were subjected to Cochran's C test for homogeniety of 
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variance (Weiner, 1962). These variance estimates were not found to 
differ at the .05 level of significance in any of the analyses to be 
reported. 

Results and Discussion 

Suppression to the stimuli subsequently to be used as conditioning 
stimuli, CS, and CS.» Ee minimal by the final Pretest session. In 
addition, there was little if any difference between means (F=.02; 
df=1/21; p?.05). The means for CS, and CS, were .3/7 and .36, respectively. 

During Phase I conditioning the two experimental groups, Groups 
T and B, were found to acquire the conditioned suppression response at 
essentially the same rate (F=0; df=1/8; p>.05). Secondly, neither the 
modality of the US (F=.29; df=1/8; p>.05) nor the modality of the CS 
(F=.84; df=1/8; p>.05) were found to have any reliable influence on 
acquisition rate. Phase I acquisition rates collapsed over groups are 
presented in Figure 1 according to US and CS modalities. Besides the 
regularity of each of these learning curves it is of interest to note 
that subjects were performing at asymptotic levels by trials 9 or 
10 in each instance. 

During Phase II conditioning, Group C was found to attain substantial 
levels of suppression by the final compound-CS conditioning session. In 
fact, an analysis of the suppression ratios obtained during this 
session failed to reveal any statistically significant differences 
between the means for the three treatment groups (F=.93; df=2/18; p>.05). 
These means were .04, .10 and .05 for Groups T, B and C, respectively. 


Table 1 shows the design of this experiment along with the mean 


suppression ratios that were obtained on the first Test presentation 
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FIGURE 1 


MEAN SUPPRESSION RATIOS OBTAINED TO CS, AND CS. IN EXPERIMENT I DURING 
PHASE I CONDITIONING. PLOTTED IN THE UPPER PANEL IN BLOCKS OF TWO 

TRIALS EACH IS THE SUPPRESSION OBTAINED WHEN AN AVERSIVE AUDITORY STIMULUS 
(US_) WAS USED AS A REINFORCER AND IN THE LOWER PANEL THE SUPPRESSION 
WHEN AN AVERSIVE TACTILE STIMULUS (US_) WAS USED. DATA ARE COLLAPSED 

OVER GROUPS T AND B. 5 
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TABLE 1 


DESIGN OF EXPERIMENT I PLUS GROUP MEAN SUPPRESSION RATIOS OBTAINED 
DURING THE FIRST TEST PRESENTATION OF EACH OF THE CS COMPONENTS 
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23 
of each of the CS components. The CS component common to Phase I and II 
Conditioning is termed the "A" component. The component not used in 
Phase I conditioning is termed the 'X'' component. Since the CS 
components in Group C cannot be differentiated on the basis of rein- 
forcement history, fhese data have been arbitrarily divided into two 
equal portions with one portion being designated as the A component and 
the other as the X component. This procedure was used to equate for the 
number of Test observations in between group analyses. Although data 
were collected over four Test sessions, the data of primary concern are 
those which were obtained during the first Test presentation of each of 
the CS components. This is so because only the initial Test presentation 
can be considered to be free from the effects of any new learning 
that may have taken place as a result of the Test procedure itself. As 
a consequence, suppression ratios obtained during the initial Test 
presentation of the CS components will constitute the principal data for 
analysis. When appropriate, however, these data will be compared with the 
data that were obtained during the total Test period. 

As the means in Table 1 reveal, suppression ratios obtained to the 
first Test presentation of the A component were similarly low in all 
three groups (F=3.47; df=2/12; p>.05). In addition, neither the 
modality of the Phase II US (F=.03; df=1/12; p>.05) nor the modality of 
the CS component (F=.01; df=1/12; p>.05) were seen to have any reliable 
influence on the A component suppression ratios. An analysis of the A 
component suppression ratios that were obtained across all four of the 
Test sessions also failed to reveal any reliable differences between 


groups (F=1.93; df=2/12; p>.05). The means across Test trials for 
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Groups T, B and C were .06, .18 and .17, respectively. This analysis 
failed to reveal any reliable stimulus modality effects as well. Thus 
suppression ratios to the A component did not appear to be differentially 
influenced by any of the experimental manipulations, and conditioning 
was good to this component in all instances. 

An analysis of the suppression ratios obtained during the first 
Test presentations of the CS component of primary experimental interest, 
the X component, revealed a significant difference between the three 
treatment groups (F=11.58; df=2/12; p<.01). Multiple comparisons between 
the means (Neuman-Keuls test, see Weiner, 1962) revealed that Group B 
differed significantly eiron Group C (p<.01). Secondly, Group T was found 
to differ significantly from Group C (p<.05) and Group B (p<.05). The 
first difference represents a demonstration of the basic blocking effect. 
The second set of differences suggests that changing the modality of the 
US between conditioning phases tended to produce an cerned ace degree 
of blocking. 

An unqualified interpretation of this latter effect, however, is 
cautioned against due to the occurrence of a significant Groups by 
US modality interaction (F=5.83; df=2/12; p<.05). The means for this 
interaction are presented in Table 2. Although a significant US 
modality main effect was found as well (F=11.19; df=1/2; p<.05), the 
means in Table 2 reveal that this effect was restricted to the two 
experimental groups, Groups T and B, with Group T accounting for the 
largest share of the difference. In other words, the US modality main 
effect in this case can be attributed to the specific nature of the 


Groups by US modality interaction. These observations were confirmed 
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TABLE 2 


MEAN SUPPRESSION RATIOS OBTAINED IN EXPERIMENT I DURING THE FIRST 
PRESENTATION OF THE X COMPONENT ACCORDING TO MODALITY OF 
US USED IN PHASE II CONDITIONING 
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by the fact that post hoc comparisons of the cell means within Group T 
revealed that these means differed significantly (F=16.15; df=5/12; 
p<.05; see Scheffe's test in Edwards, 1960) whereas those in Group B 
did not (F=6.32; df=5/12;.p».05). More importantly, however, was the 
finding that the cell means in Group T (F=16.15; df=5/12; p<.05) and 
Group B (F=25.04; df=5/12; p<.05) both differed significantly from Group 
C when US, was used in Phase 1? conditioning. On the other hand, when 
US, was used, neither Group T (F=.51; df=5/12; p>.05) nor Group B (F=3.24; 
df=5/12; p>.05) were found to differ significantly from Group C. On the 
basis of these findings it is concluded that changing the modality of the 
US between conditioning phases did not in itself disrupt the basic blocking 
effect. Rather, it was the order or direction in which this change occurred 
that appeared to be important. When the direction of change was from US. 
to US. in Group T little if any disruptive effect on blocking was noted. 
However, a fairly substantial disruptive effect was noted when the 
direction was from US, to US. (a finding similar to that of Bakel et al., 
1974). Secondly, blocking appeared to be disrupted when US | was used in 
Phase II conditioning regardless of whether the modality of the Phase II 
US differed from that of the Phase I US as in Group T or remained the 
game as in Group B. This latter finding, that blocking was disrupted in 
Group B when US, was used in Phase II conditioning, was surprising since 
this condition constitutes one of the basic blocking subgroups. However, 
the following analysis indicates this disruption was of brief duration 
and should therefore not be an issue of Rey concern. 

Figure 2 shows the X component suppression ratios that were obtained 


on all four Test sessions according to the modality of the 
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MEAN SUPPRESSION RATIOS OBTAINED IN EXPERIMENT I DURING EACH PRESENTATION 
OF THE X COMPONENT IN ALL FOUR TEST SESSIONS. PLOTTED IN THE UPPER PANEL 
IN BLOCKS OF TWO TRIALS EACH IS THE SUPPRESSION RATIOS OBTAINED WHEN AN 
AVERSIVE AUDITORY STIMULUS (US_) WAS USED AS A REINFORCER IN PHASE IT 
CONDITTONING AND IN THE LOWER BANEL THE SUPPRESSION OB3TAINED WHEN AN 
AVERSIVE STTCMLUS (US ,) WAS USED. 
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Phase II US. Although the Groups by US modality interaction in this 
analysis was not statistically significant (F=1.83; df=2/12; p>.05), 
the patterning of the ore were partially consistent with the conclusions 
drawn from the previous analysis. As may be seen, when US, was used in 
Phase II conditioning, subjects in croup T performed very similarly 

to those in Group B. However, when US, was used, subjects in Group T 
performed more like those in Group C. This puzzling directional 
relationship will be examined further in a later section. Secondly, 
the means in Figure 2 reveal that subjects conditioned with US. in 
Group B did not remain suppressed beyond the first Test presentation of 
the X component. This observation suggests that the disruption in 
blocking that was noted to occur under these conditions in the initial 
Test data was minimal and should be viewed with caution. 

In addition to a US modality effect, the X component suppression 
ratios revealed a significant CS-component modality effect (F=7.7; 
df=1/12; p<.05) and a nearly significant Groups by CS-component modality 
interaction (F=4.16; df=2/12; p>.05). The means for these effects 
are presented in Table 3. As these means reveal, the CS-component 
modality effect was restricted to the two experimental groups in a 
Manner similar to that noted in the case of the US modality effect. 
However, when comparisons were made of the cell means within Groups T 
and B, neither of the differences attained the level of significance 
required of post hoc analysis. On the other hand, when the cell means 
for Group T and B were combined, the difference between CS-component 
modalities did attain significance (F=15.79; df=5/12; p<.05). What 


these findings suggest is that when cS) served as the X component, 
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TABLE 3 


MEAN SUPPRESSION RATIOS OBTAINED IN EXPERIMENT I DURING THE FIRST 
TEST PRESENTATION OF THE X COMPONENT ACCORDING TO ITS MODALITY 
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30 
a substantial level of suppression was acquired to this component in 


both Groups T and B. However, when CS,, served as the X component, only 


dk 
a minimal level of suppression was acquired. In other words, blocking 
was disrupted to one degree or another in both Groups T and B when 

cS. served as the X component, but not when CS. served as the X 
component. 

Figure 3 shows the X component suppression ratios that were obtained 
on all four Test sessions according to the modality of the X component. 
Although this interaction was not statistically significant (F=1.07; 
df=2/12; p>.05) the patterning of the means again were consistent with 
the conclusions drawn from the previous analysis. That is, blocking 


was disrupted when CS. served as the X component, particularly in Group T, 


L 


whereas blocking was eibecane tal in both Groups T and B when CS, served 
as the X component, 

The stimulus modality effects noted in suppression ratios obtained 
to the X component during Testing can be summarized in the following 
manner. When US. was used in Phase II conditioning blocking was 
completely disrupted in Group T and partially disrupted in Group B. 

On the other hand, when US. was used blocking was substantial in both 
experimental groups (see Table 2). Secondly, when cS, served as the 

X component blocking was also disrupted in both groups, with the means 
indicating that Group T was disrupted to a greater degree than Group B. 
When cS, was used, however, blocking was again substantial in both 
experimental groups (see Table 3). 


In each of these instances, the stimulus modality effects were 


restricted to Groups T and B. Moreover, the consistency of the pattern 
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MEAN SUPPRESSION RATIOS OBTAINED IN EXPERIMENT I DURING EACH PRESENTATION 
OF THE X COMPONENT IN ALL FOUR TEST SESSIONS. PLOTTED IN THE UPPER 

PANEL IN BLOCKS OF TWO TRIALS EACH IS THE SUPPRESSION OBTAINED WHEN TONE 
(CS,,). SERVED AS THE X COMPONENT AND IN THE LOWER PANEL THE SUPPRESSION 
WHEN LIGHT (Cs, ) SERVED AS THE X COMPONENT. 
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over all four Test sessions indicates that the absence of the effects 
during the initial presentation of the X component in Group C cannot 
be attributed to a ceiling effect. Secondly, between these groups the 
effects tended to be more pronounced in Group T than in Group B. 

Taken together these observations suggest that the stimulus modality 
effects were related to the fact that subjects in Group T and B 
underwent Phase I conditioning whereas those in Group C did not. In 
addition, the between groups differences suggest that these effects 
were also related to the fact that the modality of the US was changed 
between phases in Group T, but not in Group B. 

Research by Kamin (1968; 1969) has shown that when the saliency of 
the X Eownonent is greater than that of the A component, blocking is 
disrupted. Moreover, he Nee shown that when the intensity of the 
Phase II US is greater than that of the Phase I US, a similar disruption 
in blocking occurs. Thus, on the basis of Kamin's findings, the results 
of the present experiment could be explained by assuming that CS. was 
less salient than CS, and by assuming that US, was less aversive than 
US: The following is a description of how, given these assumptions, 
the stimulus modality effects that have been observed may be explained. 


In the first case, when CS served as the X component blocking 


L 
was found to be disrupted in both experimental groups. Given that cS, 
was more salient than cS, this outcome would have been expected due to 
the increased saliency of the X over the A component. When CS, served 
as the X component, however, blocking was not disrupted nor would it 


have been expected (see Table 3). In the second case, when the modality 


of the US was changed between Phases in Group T from US. to US. 
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blocking was again found to be disrupted. Given that US. was less 
aversive than US. this outcome would have been expected due to the 
relative increase in the intensity of the US between conditioning 
phases. This disruption did not occur, however, when transfer was in 
the opposite direction nor would it have been expected, assuming no 
disruptive effects due to qualitative variables alone (see Table 2). 

In order to assess the differential potencies of the two USs and 
the two CS components used in this experiment, a separate analysis was 
made of all of the Test trial suppression ratios that were obtained 
by subjects in Group C on each of the four Test sessions. Group C was 
singled out for this analysis because the manipulations involved in this 
experiment tend to confound the interpretation of the extinction data 
obtained by the two experimental groups, Groups T and B. 

The analysis of the Test trial suppression ratios in Group C 
failed, however, to reveal any reliable differences in rate of extinction 
as a function of US modality (F=0; df=1/6; p>.05). In fact, the means 
across test trials for US and US. were .19 in each instance. Moreover, 
this analysis failed to reveal any reliable difference in rate of 
extinction as a function of CS-component modality (F=.29; df=1/6; p>.05). 
The means across Test trials for components CS, and CS) were .21 and .18, 
respectively. The interaction between US and CS-component modalities 
also failed to reveal any reliable differences (F=.11; df=1/6; p>.05). 
Thus, on the basis of these findings, plus the absence of any modality 
effects in the acquisition data,it is argued that the two USs used in 
this experiment were essentially similar in their ability to reinforce 


a conditioned suppression response. In addition, it is argued that the 
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two CS components were equally similar in their ability to acquire a 
conditioned suppression response. 

The hypothesis of differential stimulus values should not, however, 
be entirely abandoned. In the data that were just presented, only 8 
conditioning trials were involved. Subjects in the two experimental 
groups on the other hand underwent 16 Phase I conditioning trials prior 
to the Phase II conditioning procedure. Moreover, the last 6 of the 
Phase I conditioning trials can be considered to be overtraining trials 
since asymptotic performance was reached by trial 10. Possibly these 
extended training trials differentially affected the resultant rein- 
forcement values of the two USs. Similarly, though certainly 
less likely, these additional trials may have differentially affected 
the resultant saliencies of the two CSs. These hypotheses have been 
suggested for the following reasons: (A) There is ample evidence to 
suggest that aversive as well as neutral stimuli tend to habituate over 
trials; and (B) There is no reason to assume that rate of habituation 
would be the same between stimulus modalities. Thus, if US, tended to 
habituate at a more rapid rate than US. so that the reinforcing values 
of the two USs were no longer equal by the end of Phase I conditioning, 
the puzzling directional relationship that was observed in Group T 
could be seen to be a function of the relative difference between end 
of Phase I and beginning of Phase II reinforcement values for the two 
USs used. Moreover, if CS,, tended to habituate at a more rapid rate 


T 


than CS the CS-component modality effect could be interpreted in a 


Ting 
similar manner. 


Unfortunately, this experiment was not designed to test these 


t 
c ; 
pide tladdcu! Ieee ve 
1 . 7 7 7 oe 
iuces, RLY ee fuiyite ee oR 
s ) b=k7 ves . 
pte reat! Ry ey: ae i 
ag S41 GS TAs a ait > she Pa ae 1 eaah : 
; " : 
ie y . . nia i a tt mal 3s a) e, i o “e ‘ vol 
0 4 Ph ‘ he it a a si 
ag ee ee ae 
tks GAS: « PUTA ath "tly ET, tL abate “iB 


5 


i. pet eteare o1 Ghvabisnos: a ens a n39 Sei ae ' 
: ~ - P f 


fa) g > : t 7 LG oy La oi } we icinkewe Wit 


ae 


fai vie y locas ‘it ane 4 pangs sane avr ie 
am, OF iis iF) Bet f Sumer ; pet hi nie i 0 
taeyiin heeds vit: S ear: ratio 908 weplte. “ | 
von td scutes S98 Ba mie ibs re ziti: Aten sis 
t aepa eyes hgh ak gt tos estes REA sae 
+% a iv sil yout riding ps edrit ei dy hi cl ANistANe oma 1 
# : ie Sve ta egb7 rears, © O09 agapor arr el .pay ie na 


.§ Zhe). mal a. = 4 y.) a 

t to beaa ed Ab’, bust # re ent ima: wash sae tine apt awe 
: ‘ ; a ; 
anita. WRIGED Mises) SaIesAlo oe jee ald: dros) . bo ani s ie > 
sHriehewthags | gears to bes hits 3 b> i408 POA. pa. Ht: einer deni 


quot 4 Be Oh parts “ews Paks -abinengsians: ignognse1th get bene be 
‘ + - 


vIn Lebe> ae) GP ease ed? Lh Hl san% i AP os —) of) 


we: Adt- Sol’ omy = Spumtssisi-Gor §) Seid Sa gasviinigad tt ae 
ae a 7. It 33405 Gui ‘af CMibaay iT 3b ove Volt 
| Ji . 2 ton bows a8 | Bi 


1} _ ‘ : ; , aif 
a (i) Gap wR pete so Bian ieee c= alia ‘Sienna iY wily cama oe 
; Ce 


7 


+ 


at 2on/ ae. re) kids 1c eal abit. eedetes nes 


sls : eae fe. sh 
eat | ie ott fs) wea “ie 


35 
assumptions with any degree of precision. Nevertheless, on the basis 
of these considerations and observations it is argued that the experi- 
mental conditions in this study may have been confounded. Not only 
was the modality of the US changed between phases in Group T, but the 
relative reinforcement value of the US may have been differentially 
incremented as well. That is, changing the modality of the US between 
phases may have disrupted blocking to one degree or another as a result 
of differences in US magnitude due presumably to differential rates of 
habituation during Phase I conditioning regardless of any purely 
qualitative effects that might have occurred as a result of the change 
itself. Secondly, potential differences at the end of Phase I in CS 
saliencies may have been an additional source of confounding. Assuming 
the presence of these confounding influences, it would follow that the 
degree of disruption caused by these variables in the blocking procedure 
would be a function of (A) the number of Phase I conditioning trials 
that are given and (B) the differential habituation rates of each of the 
stimuli used. 

There is, however, an alternative explanation. Possibly there was a 
real difference in the initial values of either or both of the US or CS- 
component modalities that were not detected in the Phase I acquisition data 
or the Group C extinction data. That is, the blocking procedure may be a 
more sensitive test of subtle differences in the values of either or both of 
these stimuli than a comparison of their respective acquisition or extinction 
rates. As a consequence, recourse to a differential stimulus habituation 
hypothesis in explaining the observed stimulus modality effects would not 


be necessary. 


Is the blocking effect truly impervious to between phase changes in 


U = 
‘> 1 ; : a 


‘vient nia bo, stata at sx trat ig ha 


“s 


Tata (ol tEd fubyeh yn at me Athi onesie ee oh . 
7 a . ; - Vay r ; ; : 
3G y Eeatai rs ie sic octet - idee class “Saver ‘ 


een eetD ce even Vert el ce Latin 

Sion Bi Gis 7 vol LeQné a5 angen | ter x yet 
sfiens 26 sateen! ako os athe ike rbseeriyah: 
sez} :oTILE oi ¢inemwes >a sis “ale Mi 

= vee sands na bao noe Wana . pees ‘yond 

vba - ite aiany : Spas SaaS ane rocer opeey saguiha, @ 
| a, 1 ae stb = otha Atak bien 
Lepiag “i oak Waite ge My =j00e kulaiabaed a dane init 


—— 


3 30813 eo Gi piecw 31 vedoins tri at Ba ciicey Sat {oe 
x oa : Te 


ia 


ot HST. RAPS AL OF = Ginn wit e “Oe ORNS?! ire 


’ ne n 
> fy jas! in tal ee 7 pet, Ae en atts thy 36. venta fi A 


ae, af 


ae 
i F 
* ” > 
1 4 “@ 
~ : i i i 
j ‘ 4 3 , 
‘ 7 


; ; : we = 
S267 SyAnS nm Pelt 2% 4 regan tqeo ae? sos se: ne L yestatl vad otal i! 
ay r . ne ay 


wees ve ; 


a) 30 tals: - aed 30 nag ie ivsirtes be badne’ 135 ni vangienthh: 


i bad baka getigo 1, Sorel + _ ny a eqagzeb ton ove Zedl= =st 7) hehe os 
“i : nar be 
Se ‘ 7 : % 
-¢ ot Yar Stintesces oti ys id oW2 Gee Sail .e 30h nbisoolites 4 quenntr 
i a i ? 3 7 j ¥ 


Mt 
| eth es d an Sehgia 6 -ewwlev sta uk Se aEe 5 Mah: St Sdn’ +6 soe) 


wey , v 


havin wie “hist wis a Rot dvdens ct tempe 


ns: setsonty - ay 


36 


the modality of the US? And can either or both of the US or CS elements 
fenienane during Phase I conditioning to the degree that blocking is 
subsequently disrupted? Since the answer to the first question is 
dependent somewhat upon the answer to the second, an additional 
experiment was wena ieeta in which the conditions of Group T were 
essentially replicated except that only 10 Phase I training trials were 
given instead of 16 as in the present experiment. The procedure of 
reducing Phase I conditioning Trials was selected in an effort to test 
the differential stimulus habituation hypothesis. On the basis of 
arguments presented above, stimulus habituation effects should be 
Aaversely related to the number of Phase I conditioning trials. 
Reduction in Phase I conditioning trials from 16 to 10 was selected 
because although blocking has been found to be influenced by pre- 
asymptotic levels of Phase I conditioning, it has not been related to 
number of Phase I conditioning trials per se (Kamin, 1968). And, as 
may be recalled, asymptotic performance was attained by trial 10 in the 


present experiment. 
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EXPERIMENT IT 

Experiment I revealed that changing the modality of the US between 
conditioning phases in the Kamin blocking procedure tended to produce 
an intermediate degree of blocking. Further analysis revealed, however, 
that the disruptive effect was related to the order or direction in which 
the change in modality occurred. When an aversive tactile stimulus 
was used in Phase I conditioning and an aversive auditory stimulus in 
Phase II, a high degree of blocking was observed. However, when the 
order was reversed, blocking was markedly disrupted. Experiment I 
revealed in addition that the order in which the modality of the two 
CS components were presented also had a differential effect on blocking. 
When a visual CS was used in Phase I conditioning and a compound auditory 
plus visual CS was used in Phase II, the auditory component when presented 
alone during testing was not found to reliably suppress behavior; that 
is, blocking was substantial. However, when the CS modality order was 
reversed, blocking was disrupted. 

Although data based on acquisition and extinction rates were 
presented which indicated that the initial values of the two US and the 
two CS modalities were similar, it was hypothesized that the resultant 
values of the auditory US and possibly the CS as well were less at the 
end of Phase I conditioning than either of their stimulus counterparts 
because of presumed differences in habituation rates between stimulus 
modalities. An alternative explanation of the stimulus modality effects 
was offered by arguing that the initial values of either or both the 


auditory US and CS were in fact less than their counterparts but that 
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acquisition and extinction rates are less sensitive than the blocking 
procedure in detecting these differences. 

Due to the confounding of the results of Experiment I, the present 
experiment was designed to reassess the effects of changing the modality 
of the US between conditioning phases. In this experiment the transfer 
condition of Experiment I, Group T, was essentially replicated except 
that only 10 Phase I conditioning trials were given instead of 16 as in 
the previous experiment. On the basis of arguments presented in 
Experiment I, it was judged that an experiment of this nature should not 
only provide a replication of the US transfer effect, but it should also 
provide confirmation or disconfirmation of the differential stimulus 
habituation hypothesis. 

Method 
Subjects and Apparatus 

The subjects were 12 Long-Evans male rats weighing 250-300 gm at the 
start of the experiment. They were maintained at 80% of their normal 
body weight throughout the experiment. The apparatus was identical 
to that used in Experiment I. Only three of the four Skinner boxes 
were used in the present experiment. 

Procedure 

Subjects were trained to bar press for food according to the same 
procedures used in Experiment I. In the present experiment, however, 
subjects were maintained on a VI-90 sec schedule of reinforcement 
throughout the experimental procedures as opposed to the VI-250 sec 
schedule used in the previous experiment. Following VI training, subjects 


were given two sessions of Pretraining in which the stimuli subsequently 
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to be used as CSs were presented in the absence of the US according to 
the procedure described in Experiment I. Stimulus parameters were 
similar to those in the preceding experiment except that CS. was presented 
continuously as opposed to intermittently due to Experimenter error. 
Subjects were next ven 10 single-CS conditioned suppression training 
eyes over three sessions of Phase I conditioning. Sessions 1 and 2 
consisted of 4 trials each. Intertrial intervals ranged between 8-16 
min with the first trial commencing 10-15 min after the beginning of 
the session as in Experiment I. Trials 2 and 4 were omitted during the 
third session. A trial consisted of the presentation of either CS, or 
U3, terminated by a brief aversive US according to the parameters 
described in Experiment I. For half of the subjects, an aversive 
tactile stimulus (US ,) was used during Phase I conditioning. For the 
remainder, an aversive auditory stimulus was used (US 3 see Experiment 
I for a more complete description of the aversive stimuli); CS modalities 
were balanced within US modalities. 

During Phase II conditioning, 8 compound-CS conditioned suppression 
training trials were given over 2 sessions. Conditioning procedures 
during Phase II were similar to those in Phase I except that the former 
CS, and cs. were presented simultaneously to form a compound-CS. In 
addition, the modality of the US was changed between phases for all 
subjects. Following Phase II conditioning, four Test sessions were 
carried out according to the same procedure used in Experiment I. 

Results and Discussion 
Suppression to the stimuli subsequently to be used as conditioning 


stimuli, CS, and CS.» was minimal by the final Pretest session. In 
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addition, their means were not found to differ significantly (F=5.44; 
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df=1/8; p>.05). These means were .46 and .37 for CS, and cS, 5 
respectively. 

Phase I acquisition rates are presented in Pigtiee 4. As may be 
seen, there was a tendency, though statistically nonsignificant, for 
subjects conditioned eith US. to acquire the conditioned suppression 
feaponse more slowly than those conditioned with US. (F=6.86; df=1/8; 
p>.05). This difference was minimal, however, by the third conditioning 
session (S3). Mean suppression ratios over trials 9 and 10 in this 
session were .03 and .08 for subjects conditioned with US. and US 5» 
respectively. Secondly, neither CS modality (F=2.30; df£=1/8; p>.05) 
nor the interaction between CS and US modalities (F=2.15; df=1/8; p>.05) 
were found to reliably influence Phase I conditioning. 

Performance during Phase II conditioning was essentially unremarkable. 
Mean suppression ratios were .03 and .02 for subjects conditioned with 
US and US. during this phase, respectively (F=.12; df=1/9; p>.05). 
Moreover, no significant interactive effects were found. 

Table 4 shows the design of this experiment plus the suppression 
ratios that were obtained during the first Test presentation of each 
of the CS components. As these means reveal, the A component 
suppression ratios were similarly low regardless of the modality of 
the Phase II US (F=0; df=1/8; p>.05). Secondly, neither the modality 
of the A component (F=0; df=1/8; p>.05) nor the US by CS-component 
modality interaction (F=1.45; df=1/8; p>.05) were found to significantly 
influence the A component suppression ratios. When the A component 
suppression ratios were analyzed across all four Test sessions a 


tendency, though statistically nonsignificant, was noted for subjects 
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MEAN SUPPRESSION RATIOS OBTAINED TO CS_, AND CS_ IN EXPERIMENT II DURING 
PHASE I CONDITIONING. PLOTTED IN THE UPPER PANEL IN BLOCKS OF TWO 
TRIALS EACH IS THE SUPPRESSION OBTAINED WHEN AN AVERSIVE AUDITORY 
STIMULUS (US_) WAS USED AS A REINFORCER AND IN THE LOWER PANEL THE 
SUPPRESSION WHEN AN AVERSIVE TACTILE STIMULUS WAS USED (US.). 
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TABLE 4 


DESIGN OF EXPERIMENT II PLUS GROUP MEAN SUPPRESSION RATIOS OBTAINED 
DURING THE FIRST TEST PRESENTATION OF EACH OF THE CS COMPONENTS 


Trials | Condi- Trials | Condi- Trials | Condi- 
tion tion tion 


CS Components 
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conditioned with US in Phase II to be less resistant to extinction than 
thosé conditioned with US. (F=3.43; df=1/8; p>.05). These means were 
-16 and .04 for subjects conditioned with US. and US, in Phase II, 
respectively. As may be recalled, a tendency was also noted for subjects 
to acquire the Seeing suppression response more slowly in Phase I 
when US. was used during this period as opposed to US, (see Figure 4). 
Since the modality of the US was changed between phases for all subjects, 
the subjects that tended to be slower in acquiring the Phase I response 
were the same subjects that tended to be less resistant to extinction 
during Test presentations of the A component. Conceivably, the 
difference in extinction rates in the A component Test data are a 
reflection of the difference in Phase I acquisition rates. Moreover, 
the combination of both of these observations suggests that these subjects 
may have been generally more resistant to suppression than their 
counterparts in either the present experiment or Experiment I. 

Analysis of the first Test presentations of the X component failed 
to reveal a significant difference with regard to the modality of the 
US used (F=1.81; df=1/8; p>.05). Moreover, there was no reliable 
CS component modality main effect (F=.13; df=1/8; p>.05). There was, 
however, a noteable though statistically nonsignificant US by CS 
component modality interaction (F=3.73; df=1/8; p>.05). What was 
noteable about this interaction was the fact that blocking appeared to be 
totally disrupted in those subjects who were conditioned with US, in 


Phase II and who had CS. as the X component. Blocking, on the other 


L 


hand, was substantial in each of the other conditions (see Table 5). 


As may be recalled, Use and CS, appeared to be the stronger of either of 
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TABLE 5 
MEAN SUPPRESSION RATIOS OBTAINED IN EXPERIMENT IIT DURING THE FIRST 


TEST PRESENTATION OF THE X COMPONENT ACCORDING TO ITS MODALITY 
AND THE MODALITY OF THE PHASE II US 


Phase II 
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45 
their stimulus counterparts in Experiment I (see Tables 2 and 3 in 
that experiment). Thus, the US .-CS, cell in Table 5 should be the 
most sensitive indicator of the summative effects of these same 
differences in the present experiment. Since this cell mean indicates 
that blocking was disrupted under this particular interactive condition, 
there appears to be some reason to believe that a stimulus modality 
effect in both the US and the CS elements is present in this experiment 
in a manner similar to that in Experiment I. However, since the other 
cell means do not tend to reflect either of these stimulus modality 
effects singularly, it would appear that the effects in the present 
experiment were considerably less disruptive than those in Experiment I. 

When the X component suppression ratios were analyzed across all 
four Test sessions a tendency, though statistically nonsignificant, was 
noted for subjects conditioned with US. in Phase II to be less 
suppressed than those conditioned with US, (F=4.87; df=1/8; p>.05). 
These means were .49 and .29 for US and US 5» respectively. There were, 
however, little if any differences in terms of the modality of the 
CS component (F=1.45; df=1/8; p>.05) or the interaction between US and 
CS component modalities (F=2.21; df=1/8; p>.05) in these data. 

Taken together these findings suggest that when only 10 Phase I 
training trials were used, changing the modality of the US between phases 
did not tend to have a marked effect on blocking. On the other hand, a 
tendency did remain for blocking to be disrupted when the between phase 
transfer was from Use to US, and CS) as opposed to CS, served as 
the X component (see Table 5). When the X component means in the 


present experiment are compared to those of the transfer condition of 
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46 
Experiment I, as presented in Table 6, the following additional 
observations can be made. Not only was blocking substantial in both 
experiments when transfer was from US to US > blocking seemed to be 
noteably improved in Experiment II as opposed to Experiment I when 
the conditions of transfer were in the opposite direction and CS. served 
as the X component (see Table 5). 

Thus, the findings of Experiment II are consistent with the hypothesis 
that the aversive auditory stimulus, US > habituated to a significant 
degree over the last 6 training trials of Phase I conditioning in 
Experiment I, even though this effect could not be detected in the 
Phase I acquisition data. As a consequence, it appears as though it is 
the change in the magnitude of the US that seems to be important in 
disrupting blocking in the present experiments and not the modality in 
which they are presented. In other words, information relevant to 
variables of the US other than its ability to support a conditioned 
suppression response, that is, variables other than the magnitude of 
reinforcement available, do not appear to be important in the 
establishment of blocking in a conditioned suppression task employing 
the Kamin blocking procedure. 

It is conceivable, however, that for unknown reasons some specific 
aspect of the stimuli used in these experiments other than their presumed 
differences in potency may be responsible for the findings noted. 
Indications have emerged as a result of pilot work carried out in our 
lab (see Appendix K) that tones having frequency characteristics falling 
within the envelope of that of the reinforcing noise stimulus are 


not particularly effective as CSs when noise as opposed to foot shock 
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TABLE 6 


MEAN SUPPRESSION RATIOS OBTAINED DURING THE FIRST TEST PRESENTATION 
OF THE X COMPONENT IN EXPERIMENT I (GROUP T) AND EXPERIMENT II 
ACCORDING TO MODALITY OF US USED DURING PHASE II CONDITIONING 


Experiment I 41 0 
(Group T) 
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48 
is used as the US. However, the frequency characteristic of the tone 


stimulus, CS used in the present studies was, as a result of these 


T? 
pilot investigations, specifically selected to fall well outside the 
envelope of the aversive noise stimulus that was used. Moreover, the 
absence of a US by CS stimulus modality interaction during Phase I 
conditioning in either Experiment I or II, plus the absence of a US 

by CS component modality interaction in the extinction data of Group C 

in Experiment I argue strongly against the notion that the findings of 
the present investigations are the result of some special interaction 
between the qualitative properties of the stimuli used. 

Returning to the general findings, the absence of a CS component 
modality main effect in the present experiment suggests that the 
procedural differences between Experiments I and II may have had some 
influence on this effect. Unfortunately, however, the parameters of 
the auditory stimulus differed between the two experiments as well as 
did the number of Phase I conditioning trials. In Experiment I, cS, 
was presented intermittently, whereas in the present experiment it was 
presented continuously due to Experimenter error. As a consequence, it 
is not clear whether it was the change from an intermittent to a 
continuous auditory stimulus or the reduction of Phase I conditioning 
trials that reduced the CS component modality effect between experiments. 
Nevertheless, the possibility that the saliency of a CS may habituate 
during conditioning trials, and that the blocking procedure may be 
uniquely suited to detect such an effect is, however unlikely, of 
considerable theoretical importance for it is completely at odds with an 


attentional view of the effects of conditioning on CS saliency (cf. 
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49 
Sutherland & Mackintosh, 1971). More specifically, if it could be 
Heap dteatea that just as preexposure of a stimulus subsequently to be 
used as a conditioning stimulus causes that stimulus to lose some of 
its "functional impact" (Carlton & Vogel, 1967), extended presentation 
of the CS during conditioning tends to have a similar effect, an 
attentional view of the effects of conditioning on CS saliency would 


be seriously jeopardized. 
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GENERAL DISCUSSION OF EXPERIMENTS I AND II 

The results of Experiments I and II have shown that changing the 
modality of the US between conditioning phases in the Kamin blocking 
procedure does not in itself markedly disrupt the blocking effect. In 
fact, these experiments suggest that if the magnitude of reinforcement 
is held constant between phases, changing the modality of the US will 
have no noticeable effect on blocking. Experiments I and II consistently 
showed that when an aversive tactile stimulus was used in the first 
phase of conditioning and an aversive auditory stimulus in the second, 
little if any disruption in blocking could be found. Moreover, it 
was shown that when the order was reversed so that the direction of change 
was from an aversive auditory to an aversive tactile stimulus, blocking 
was either completely disrupted, as in Experiment I, or only minimally 
disrupted, as in Experiment II, depending on the number of Phase I 
conditioning trials that were used. Since this latter finding was 
interpreted to be the result of a difference in the relative magnitude 
of the aversive auditory stimulus to that of the aversive tactile 
stimulus, this finding tends to further support the conclusion that 
information relevant to variables of the US other than its ability to 
support a conditioned suppression response, that is, its reinforcement 
magnitude, do not appear to be important in either the establishment 
or the disruption of blocking in a conditioned suppression task employing 
the blocking procedure of Kamin (1968, 1969). 

These findings are consistent with those of Bakel et al. (1974) who 
found that changing the modality of the US between phases of the 


blocking procedure did not disrupt blocking if the direction of change 
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au 
was from foot shock to klaxon horn. Secondly, when the change in US 
modality was in the opposite direction in the Bakel et al. study, 
disruptions in blocking were observed; a finding similar to that of 
Experiment I in the present investigation. Although it was argued that 
the interpretation of the study by Bakel et al. was qestionable due to 
a strong CS by US modality interaction in their control groups, 
confirmation of their findings in the present experiments (see particularly 
Experiment II) tends to strengthen their Piteroratarion that a between 
phase change in the modality of the US does not disrupt blocking when 
the potency of the reinforcers is. held constant. These findings are 
seen to support Rescorla's hypothesis that qualitative properties of 
the US are not important in either the establishment or the disruption 
of blocking. Moreover, they extend the generality of this concept to 
qualitative changes in the US that are more extensive than changes in 
its duration, as was the case in Rescorla's (1972) study. 

It should be pointed out that the interpretation of these experiments 
does not argue against the hypothesis that "retrospective contemplation" 
(Kamin, 1969), or "rehearsal" (Wagner et al.,.1973) are important in the 
acquisition of associative learning. What it does suggest, however, is 
that the reinstatement of such a process is a function of a change in 
the magnitude of the reinforcer and not merely the occurrence of a 
"surprising" US event. This suggests that the disruptions in blocking 
observed in the post-US "surprise" studies of Kamin (1969) and Gray 
and Appignanesi (1973), were .due to the fact that the specific nature 
of the post-US "surprise" stimuli used in those studies had the 


concomitant effect of increasing the reinforcement magnitude of the 
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total US event between conditioning phases as previously argued. 

Apart from the design of the present investigations, it would 
appear that the only other manipulation that would constitute an 
appropriate test of the surprise hypothesis would be to present a 
nonreinforcing or neutral, “surprise' stimulus just after the US during 
the compound-CS conditioning phase. Such a study was in fact run in 
our laboratory as part of a series of pilot investigations into the 
nature of the blocking effect (see Appendix F). Im that study an 
unpredicted 2800 Hz tone was presented for 2 sec immediately after the 
occurrence of the US during the compound-CS conditioning phase of the 
ante blocking procedure. The US used in this study was a brief 1 mA 
shock to the feet. The CS elements consisted of white noise and light. 
In one group, the post-US "surprise'’ stimulus was set at 80 db SPL. In 
a second group this stimulus was set at 106 db SPL. A third group 
received no post-US "surprise" presentations. Consistent with Rescorla's 
noninformational interpretation of blocking, the results of this study 
showed that all grounvs demonstrated equal and complete blocking of the 
X component regardless of either the presence or absence of the 
unpredicted post-US "surprise" stimulus or its intensity. 

Before discussing the implication of these findings further, 
methodclogical difficulties experienced in the present experiments as 
well as in the soay by Bakel et al. (1973) deserve comment. As these 
two studies attest, it is extremely difficult to select multiple CS 
and US parameters that are matched for CS saliency and US potency 
in both the single- and compound-CS conditions. Moreover, as in 


Experiment I, even when such conditions are met in terms of matched 
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acquisition and extinction rates, there is no guarantee that the 
blocking procedure will be unaffected by subtle differences in stimulus 
potencies that go undetected by these standard matching procedures. 
Thus, in further blocking research involving multiple CS and US 
combinations, it may be prudent to use a more sensitive index such as 
a "savings" measure to provide the basis for matching stimulus potencies. 

A second methodological difficulty encountered in the present 
research as well as in the study by Bakel et al. involved the use of an 
aversive auditory US. This US, whether it be produced by a klaxon horn 
as in Bakel et al. or a white noise generator as in the present 
investigation, is a very labile US subject to habituation on one hand 
(see Experiments I and II, and Rescorla, 1973), and annoying interactive 
effects with auditory CSs on the other (see Appendix K, Experiment II, 
and Bakel et al., 1973). Admittedly, this latter effect may be 
interesting in itself, but it only serves as a confounding factor in 
the experimental designs that are at issue here. In summary, these 
qualities make the use of such a US in transfer designs involving 
multiple CSs and USs extremely difficult to work with. As a consequence, 
future research of this nature may avoid some of the difficulties that 
have been encountered by using something other than an aversive auditory 
US. 

On the other hand, a reason for continuing to use an aversive 
auditory US in future experiments of this nature is to clarify the 
directional effect observed in both Expeminent I and in the study by 
Bakel et al. Although the results of Experiment II are consistent with 


the interpretation that the directional effect can be reduced when the 
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54 
auditory US is similar in reinforcement magnitude to that of the tactile 
US at the end of Phase I conditioning, it is still conceivable that the 
directional effect noted in these experiments is due to some intrinsic 
characteristic that results when transfer is from noise to foot shock. 
Perhaps some aspect of the UCR to foot shock is changed in subjects 
that have previously been exposed to an aversive auditory stimulus. Given 
this to be the case, the interpretation of the directional effect 
given above may or may not require reevaluation. For example, if the 
hypothetical change in the response to foot shock serves to heighten 
its reinforcement magnitude, then no change in interpretation need be 
made. If, on the other hand, specific qualitative changes in the UCR 
elicited by the transfer US are what cause a disruption in blocking, 

a reinterpretation of the findings would be in order. 

In returning to a general discussion of the results of Experiments 
I and II, it may be informative at this point to pursue an attentional 
interpretation of these findings. Following this discussion, the 
relationship between the findings of the present investigation and the 
theorizing of Rescorla and Wagner as interpreted by Rescorla (1972) 
will be presented. 

Up until Kamin's work, the blocking effect was most easily explained 
in terms of attention (see for example Mackintosh, 1965; and Sutherland & 
Mackintosh, 1971). As a consequence, it was used to lend prime support 
to a two-stage model of discrimination learning advanced initially by 
Lashley (1929) and Krechevesky (1938). Although a variety of two-stage 
models have been proposed since Lashley and Krechevsky's work, the 


model presented by Sutherland and Mackintosh (1971) appears to be the 
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55 
most recent and the most clearly elaborated model specific to the 
animal discrimination literature. Briefly, this model holds that 
subjects in a conditioning task must first learn to attend to the 
relevant stimulus dimension, or "switch in' the relevant stimulus 
analyzer, before dieadiavivé connections can be established between 
stimuli on that dimension and appropriate responses. Furthermore, due 
to limitations of the system, the more a subject attends to any one 
stimulus or stimulus dimension, the less he will be able to attend to 
any other stimulus during the same period. Blocking is therefore seen 
to be a case of the subject attending so strongly to the initial 
stimulus (the A component in the present studies), as a result of the 
prior conditioning experience, that he is unable to attend to and 
therefore learn anything about the additional relevant but redundant 
cue (the X component) during the subsequent compound-CS conditioning 
session. 

Although Kamin proposed the surprise hypothesis as an alternative 
to an admittedly naive attentional interpretation of the blocking 
effect, the attentional theory of Sutherland and Mackintosh clearly 
provides for changes in attention as a consequence of unpredicted US 
events. The critical provision of this theory for the issue at hand, 
is stated in Rule 2 of the Rules for the Operation of the Model. This 
rule states in part that: "An analyzer is strengthened when its 
outputs consistently make correct predictions about further events 
(e.g., trial outcomes) of importance to the animal." And, "When no 
analyzer makes consistently correct predictions, all analyzers revert 


towards their base level (Sutherland & Mackintosh, 1971, p.39)."" Thus, 
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56 
under conditions in which the US event is unpredicted or surprising, 
Pais theory of attention explicitly predicts that blocking will be 
disrupted in a manner similar to that predicted by the surprise hypothesis 
of Kamin. 

There is, however, a important difference between these positions. 
Sutherland and Mackintosh state that only the occurrence of unpredicted 
events that are of "...importance to the animal" will result in a 
subsequent disruption in blocking (Sutherland & Mackintosh, 1971, p.39). 
Kamin, on the other hand, suggests that surprise alone is the critical 
variable. If it is assumed that in a conditioned suppression task 
involving aversive reinforcement, correct predictions about the magnitude 
of the US are the most important aspects of the task and not the modality 
in which it is presented nor the occurrence of a nonreinforcing post-US 
"surprise" stimulus, then the findings and conclusions of the experiments 
that have been presented and/or discussed above are clearly consistent 
with the attentional position of Sutherland and Mackintosh. 

Nevertheless, there is at least one major difficulty with this 
attentional theory in terms of the present findings. In elaborating on 
the effects of unpredicted trial outcomes on analyzer strengths, these 
authors suggest that an "...analyzer making the strongest prediction is 
increased, and the others are decremented (1971, p.489)." Thus, 
although analyzers relevant to the A component of the compound-CS in 
the basic blocking procedure may not correctly predict a US that has 
been incremented in terms of its reinforcement magnitude, it seems 
reasonable to assume that it does predict the occurrence of that US 


better than analyzers relevant to the X component. This theory would 
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therefore appear to predict a continual strengthening of the analyzers 
relevant to the A component at the expense of that of the X component 
under conditions in which the magnitude of the US is incremented between 
phases. However, this is not what has been observed to occur. 

The model of conditioning that is most compatible with the findings 
of the present investigation is that which has been proposed jointly by 
Rescorla and Wagner (Rescorla & Wagner, 1972; Wagner & Rescorla, 1972). 
The key assumption in this model is that the amount of associative 
strength that can be accumulated to any element of a CS on any given 
trial is an inverse function of the sum of the amount previously 
accumulated to all of the CS elements. Moreover, these effects are 
assumed to be bounded by the asymptotic level of conditioning that can 
potentially be supported by a given US (the reader is referred to a 
discussion of this model in an earlier section of this report for a more 
detailed description). 

According to Rescorla (1972), this model is claimed to be able to 
account for the blocking effect without recourse to assumptions 
regarding the informational value of a CS relative to the occurrenca of the 
US. Rather, the model predicts that only the relationship between the 
level of associative strength accrued to a CS and the asymptotic level 
of conditioning supportable by the US (its reinforcement magnitude) 
is important for conditioning. Thus, manipulation of qualitative 
properties of a US between phases of the blocking procedure should have 
no effect on blocking so long as the level of conditioning that can be 
supported by the US is held constant. The finding that blocking was 


disrupted in the present experiment when the apparent relative magnitude 
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of the US was incremented between phases is therefore seen to be 
consistent with this hypothesis. Moreover, the finding that between 
phase changes in the modality in which the US was delivered was not in 
itself found to be disruptive of blocking not only provides further 
confirmation of this canes but also extends its generality. 

Nevertheless, in applying the Rescorla and Wagner model to the 
results of this investigation, difficulties arise in two areas. The 
first sensernd the question of a discrepancy between what the model 
predicts when the saliencies of the CSs are unequal, as was presumed to 
be the case in Experiment I, and what actually occurred in that 
experiment. The second concerns the question of just what it is that 
gets conditioned to the CS that causes a reduction in the effectiveness 
of a US to reinforce subsequent associative learning. 

As may be recalled the tone CS appeared to be "overshadowed" by the 
light CS in both the blocking (Group B) and the transfer (Group T) 
conditions of Experiment I. In interpreting this finding it was argued 
that a subtle discrepancy existed between the saliency of the tone 
relative to that of the light, even though this discrepancy could not 
be detected in acquisition or extinction rates. This was suggested 
on the basis of an observation by Kamin (1968) that showed that blocking 
was disrupted if the A component was less salient than the X component. 

Since a weak CS acquires associative strength slower than a strong 
CS.in Rescorla and Wagner's model (due to differences in the respective 
q Parameters), disruptions in blocking resulting from overshadowing of 
the A by the X component are consistent with the model when it can be 


assumed that the prior conditioning procedure is not sufficient for the 
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weaker CS to acquire an asymptotic level of conditioning. However, in 
Experiment I, 6 overtraining trials were given in Phase I conditioning. 
As a consequence, it is difficult to maintain the assumption that 
conditioning to the presumably weaker tone CS was less than asymptotic 
at the end of this iedidits procedure. Although further research on 
this issue is needed before any firm conclusions can be made, the data 
of Experiment I do suggest that the Reecoeta and Wagner model of 
conditioning is not dabhaaee in accounting for the phenomenon of 
overshadowing (see Mackintosh, 1971, for a parallel argument). 

Although it appears that the effectiveness of a reinforcer is 
reletive and that its effectiveness is. anchored in some manner to the 
degree to which the CS has become associated with it, it remains unclear 
what the critical aspect of the association is. Rescorla and Wagner 
-as interpreted by Rescorla (1972) suggest that it is merely the "strength" 
of the association; a quantity that '',..is presumed to be monotonically 
related to such dependent measures as probability of response or 
latency of response (Rescorla, 1972, p.11)." However, nowhere in the 
model is it stated whether or not the specific quality or topography 
of the response is important. We are told that a CS can have more-or-less 
associative strength and that this amount of associative strength (the 
V value of a CS) can be increased, decreased, or maintained as a result 
of a given conditioning trial depending upon certain characteristics 
of the US, presumably its reinforcement value. However, we are not 
told what the nature of the association is. Im fact, there is a marked 
circularity in their theorizing regarding this issue. A given US is 


seen to affect the level of associative strength, V, to the degree that 
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it is potentially able to affect the level of associative strength; a 
state of affairs that has plagued attempts at defining the concept of 
reinforcement (see Meehl, 1950, for a discussion and an operational 
resolution of this issue). Thus, if changing the modality of the US 
in the present studies dtd wate a disruptive effect on blocking it 
could be argued that the V values supported by the two USs used were also 
different; not because thev renresented different amounts of associative 
strength, but because they were associated to different responses. 

Although this investigation suggests that the qualitative properties 
of an aversive US do not appear to be critical for blocking in a 
conditioned suppression task, there is no reason to believe that such 
qualities are equally unimportant for conditioning. in general. In 
fact, there is every reason to believe that qualitative properties of 
a US such as its point of impact, modality of deliverance, UCR, etc., 
are extremely critical to conditioning depending upon the specific 
nature of the response being conditioned or measured. However, to what 
degree would blocking be affected by a manipulation of those relevant 
US qualities in those particular conditions? 

It appears reasonable to this author that some aspect of a 
conditioned response (CR) could be changed by changing some quality 
of the US between phases of a two-phase conditioning task, but that 
blocking of an added but redundant cue during the second phase would 
not be affected by that change. In other words, a given US may have 
qualitative properties important for determining the specific nature 
of the response being conditioned as Rell as some nonspecific rein- 


forcing property. And it may be the nonspecific reinforcing property 
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of the US such as its motivational significance or merely its arousal 
value that is important for blocking. For example, it is not 
unreasonable to assume that subjects in the present studies learned some 
unique response, CR,» when the US was foot shock and another, CR» when 
the US was a loud burst of noise to the left side of the head. These 
responses may, for instance, be specific "preparatory responses" in 
accordance with the views of Perkins (1971). Thus, qualitative 
properties of the US may have been critical for some aspect of 

¢ 
conditioning (the occurrence of CR, versus CR,) even though they were 
not found to be critical for blocking of the commonly supported 
conditioned suppression response. As a consequence, it is conceivable 
that the V value of a stimulus in Rescorla and Wagner's model may be 
related to the nonspecific reinforcing property of the US and not to 
those qualitative properties of the US that determine the exact nature 
of the CR. Clarification of these relationships through empirical 
investigation therefore appears necessary in order to sort out the 
degree to which US characteristics critical for conditioning specific 
responses are similar or different from those critical in influencing 


the relative effectiveness of reinforcement as determined through the 


blocking procedure. 
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EXPERIMENT III 

A special assumption of the Rescorla and Wagner model of conditioning 
(Rescorla & Wagner, 1972; Wagner & Rescorla, 1972) is that the V value 
of a stimulus, its associative strength, can take on negative as well as 
positive values. For exainpdes a negative V value is attained when the 
CS is negatively correlated with the occurrence of the US; a procedure 
often used in establishing conditioned inhibition (Rescorla, 1969; 
Rescorla & Wagner, 1972). A second way in which a stimulus can acquire 
negative V value is when it is paired with a CS that, as a result of 
prior conditioning to a stronger US, has acquired a greater V value than 
‘the present US is capable of supporting (Wagner, 1971). 

Specific interactive effects are uniquely predicted by the model 
when conditioning is carried out to a compound CS in which the signs 
of the V values associated with the various components dieters Moreover, 
some of these predictions have been tested and results favorable to the 
model have been found (Rescorla, 1970; Wagner, 1971). 

As a consequence of the ambiguity surrounding the question of just 
what is it that the V value of a stimulus relates to, as previously 
discussed, it Peer eieete to predict what the effects would be of 
placing a stimulus that had acquired positive V value through prior 
conditioning with an appetitive reinforcer in compound with a neutral 
stimulus during a conditioned suppression task involving aversive 
reinforcement. 

A prevalent hypothesis regarding the interactive effects of 


hedonically opposite reinforcers holds that the motivational states 
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resulting from the two types of reinforcers interact in a subtractive 
Manner. That is, the motivational state associated with an appetitive 
reinforcer is reduced in the presence of a motivational state associated 
with an aversive reinforcer, and vice versa (Konorski, 1967; Millenson, 
19713; Mowrer, 1950; pessoas & Solomon, 1967). 

As may be appreciated, conditioned suppression is particularly 
suited to this type of interpretation. In fact it is not uncommon to 
find interpretations of the conditioned suppression phenomenon in 
precisely these terms (see, for example, Millenson, 1971). In these 
interpretations, uncontrolled background stimuli, B, are seen to 
amplify if not elicit an appetitive emotional state by virtue of the 
fact that they occur in the presence of the appetitive reinforcer made 
available in the operant task. By the same token, the explicit pairing 
of an aversive reinforcer, the noxious US, with a particular CS, A, is 
seen to elicit an aversive emotional state during the occurrence of the 
A stimulus. Suppression of the operant task to the compound stimulus, 
AB, is therefore seen to be the result of the two motivational states 
simply subtracting each other out. 

In analyzing the acquisition of conditioned suppression in terms 
of the model, however, Rescorla and Wagner have appeared to ignore the 
potential interactive effects of the hedonically opposite motivational 
states. Rather, they discuss changes in the V values of A and B 
exclusively in terms of their relative correlation with the occurrence 
of the noxious US. Thus, with regard to the conditioned suppression 
response, or fear, the A component is seen to acquire positive V value 


whereas the B component is seen to acquire zero V value as a result of 
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repeated conditioned suppression training trials (Rescorla & Wagner, 
1972). But what of the positive V value accrued to B relative to the 
appetitively reinforced task? Are we to assume that a given stimulus 
can possess simultaneously active but noninteracting V values? It is 
this issue that the following experiment is designed to address. 

In this experiment food and water deprived rats were first trained 
on a mpd tered sP_g* task in which bar pressing on Bar 1 was reinforced 
with food in the presence of either tone or light, the mae and bar 
pressing on Bar 2 was reinforced with water in the absence of the soe 
that is, during the 5° period. Following sheen training, a conditioned 
suppression task reinforced by foot shock was superimposed upon the Sp-s 
task. In one group the sP also served as the CS for the conditioned 
suppression response. In another group a novel stimulus served as the CS. 
In a third group, the experimental group, a compound consisting of the 
simultaneous presentation of the sP plus the novel stimulus served as 
the CS. Amount of conditioned suppression acquired to the elements of 
the compound CS were then assessed relative to that of the single CSs 
in the other two groups having similar reinforcement histories. 

Due to the exploratory nature of this experiment specific predictions 
have not been made. However, the question of primary concern is to what 
degree acquisition of the conditioned suppression response to the 
novel stimulus in the experimental group would be facilitated or impeded 
by the concurrent presence of a stimulus, 3, that had acquired positive 


V value for another simultaneously active response established to a 


reinforcer of opposite hedonic value. 
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Method 
Subjects and Apparatus 

The subjects were 24 Long-Evans male rats weighing 250-300 gm at 
the start of the experiment. They were maintained at 80% of their 
normal body weight and placed simultaneously on a 23 hr schedule of 
water deprivation throughout the entire experiment. 

The apparatus was the same as that used in Experiment I except for 
the inclusion of an additional bar (Bar 1) and a water dipper. Bar 1 was 
located on the same end wall as the original bar (Bar 2) and positioned 
approximately 2-in directly above the protruding food cup. The water 
dipper was positioned midway between the protruding food cup and Bar 2. 
Bar 2 was programmed to activate the water dipper and Bar 1 the food 
magazine. 

Procedure 

gP_gh training: Subjects were initially trained to bar press for 
water reinforcement according to the same procedure described in 
Experiment I. Bar 1 was withdrawn during this training procedure. 
Following two 90 min sessions of responding for water on a VI-30 sec 
schedule of reinforcement, subjects were trained to bar press for food 
reinforcement according to the same procedures except that Bar 1 was 
inserted and Bar 2 was withdrawn. In addition, the stimulus subsequently 
to be used as the discriminative stimulus, a was presented during the 
food reinforced sessions. For half of the subjects a 28 VDC house light 
served as the Sue For the remainder a 240 Hz tone presented continuously 


at 80-82 db SPL served as the a7 


Following two sessions of responding for food on the VI-30 sec 
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schedule, four sessions of differential bar press training were begun. 
For the remainder of the experiment daily sessions were 90-min in 
duration and a VI-30 sec schedule of reinforcement was used throughout 
for both reinforcers. During the first differential training sessions, 
Bar 2 was inserted and Bar 1 was withdrawn. This arrangement permitted 
subjects to bar press for water. During the second session, Bar 1 was 
inserted and Bar 2 was withdrawn, permitting subjects to bar press for 
food. During sessions three and four, both bars were inserted% however, 
only one was active in each session. In session three, Bar 2 was active, 
permitting subjects to bar press for water. In session four, Bar 2 was 
active permitting subjects to bar press for food. The gP was presented 
during the Bar 1 - food reinforced sessions, but not during the Bar 2 - 
water reinforced sessions. 
: r De ee 
The next seven sessions constituted the S -S” training procedure. 
The purpose of this training procedure was to train subjects to bar 
. D 
press for food on Bar 1 during the presence of the S and to bar press 
: : , 2 A ; 
for water on Bar 2 during its absence, that is, during the S' period. 
During sP periods Bar 1 was active and Bar 2 was inactive. These 
oe : A ; 
conditions were reversed during S periods. 
; : bg ay a F D Ae ae : 
During the first S -S training session, S conditions were in 
A , : 
effect for the first half of the session and S for the remainder. During 
F D A ; ; 
the second and third sessions S and S_ periods were alternated twice; 
each period being approximately 22 1/2 min in duration. During sessions 
four and five, four 4-min sP periods were distributed at equal intervals 
A por ; A 
throughout each session; the S condition was in effect for the remainder 


D eg ; 
of each session. During the last two S 292 training sessions, four 
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iemin gP periods were presented per session, with s* conditions being 
in effect during the remainder. The first sP period was presented 
10-15 min after the beginning of the session. The next three SP periods 
were presented at intervals ranging from 8-16 min each. 

Conditioned suppression training: Following Eg training subjects 
were divided into three groups of 8 subjects each and given 16 trials 
of conditioned suppression training over four sessions. A conditioned 
suppression trial consisted of the presentation of a 1 min CS terminated 
by a 1 mA footshock of 1 sec duration. In the experimental group, the 
CS was composed of a compound stimulus, AX, (Group C-CS) in which the 
A component and the Sp were one and the same stimulus. In the first 
control group (Group S-CS), the same stimulus used as the gP also 
served as the CS. This is termed an "A" stimulus in the conditioned 
suppression task. In the second control group (Group D-CS), a stimulus 
different from that used as the gD served as the CS. This is termed an 
"X" stimulus in the conditioned suppression task. Throughout conditioned 
suppression training no further sP presentations were given to subjects 


A Maven : : : 
conditions of reinforcement remained in 


4 D 
in Group D-CS; however, S -S 
effect for Groups C-CS and S-CS. 

Following conditioned suppression training, subjects were given a 
single Test session in which the tone and the light were each presented 
ee ; D A 

for 1 min in the absence of the US on 2 separate occasions; S -S 
conditions remained in effect during Test trials. Intertrial intervals 
during conditioning and testing sessions were presented according to 


the parameters used for sP presentations in the last two sessions of 


gP_sh training. 
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Data Collection and Analysis 


D 
In order to assess the degree to which the S -s4 task was learned, 
"discrimination" ratios were calculated independently for Bars 1 and 2. 
These ratios were calculated in a manner similar to the suppression 
ratios described in Experiment I. The discrimination ratios were 
é D : ; 
based on bar press rates during S periods relative to those of preceding 
A 
S periods of equal duration. Thus for a given bar, a discrimination 
ratio greater than .5 indicates a higher rate of bar pressing on that 
: D A ; : 
bar during S as opposed to S periods. Conversely, a ratio less than 
-5 indicates a lower rate of bar pressing on that bar during the sP 
: ; DEA gi 
period (see Table 7). Since the purpose of the S$ -S training procedure 
‘ ; : D ; 
was to train subjects to press Bar 1 for food during S periods and 
A 
Bar 2 for water during S periods, the degree to which this task was 
learned should be evident in the discrimination ratios calculated to 
either of the two bars. In fact, the two measures are somewhat redundant. 
- , waa 1D) fs 
A high ratio on Bar 1 indicates good S -S performance as does a low 
ratio on Bar 2. Both measures are nevertheless included in this report. 
During conditioned suppression and testing procedures, two sets of 
trial-by-trial suppression ratios were calculated based on mean 


: bar press rates respectively. These means 


D 
pre-conditioning S and S 
; DA ee : D 
were obtained during the last S -S training session. The mean S rate 
for a given subject was based on his Bar 1 bar press rate during four 
A 
1 min gP intervals. The mean S rate was based on his Bar 2 bar press 
A 
rate during a similar set of four 1 min S intervals. The two sets of 


suppression ratios permitted independent analysis of conditioned suppression 


levels relative to performance on Bar 1 and Bar 2 during CS presentations 
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TABLE 7 


METHOD OF OBTAINING DISCRIMINATION RATIOS IN EXPERIMENT III 


5! bar press rate ce min pre gP ) 


sP bar press rate 
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(see Table 8). These procedures were instigated so that appropriate 
comparisons could be made between Test trial results. Direct comparisons 
between Bar 1 and Bar 2 are inappropriate in this experiment due to the 
fact that the reinforcement values of food and water had not been 
equated. | 
Results 

ae Training 

Discrimination ratios obtained during the last session of sP_s 
training showed that subjects were successfully trained to press Bar 1 
for food and Bar 2 for water during appropriate ce periods. The mean 
discrimination ratios during a periods were .96 and .14 for Bars 1 and 
2 respectively. The high discrimination ratio on Bar 1 reveals that 
subjects pressed this bar more frequently during sP as opposed to § 
periods. Secondly, the low discrimination ratio on Bar 2 reveals that 
subjects pressed this bar more frequently during So as opposed to § 
periods. Standard deviations across trials were .08 and .18 for Bars 
1 and 2, respectively, revealing a high degree of consistency between 
subjects in Sis performance. No reliable differences were found in 
either of the discrimination measures when subjects were divided 
according to conditioning groups. Moreover, there were little if any 
differences in discrimination ratios relative to the modality of the 


sD used. 


Further examination of the data revealed that Bar 1 - food 
reinforced bar press rates during ay periods were significantly greater 
than Bar 2 - water reinforced rates during comparable 54 periods (F=34.44; 


df=1/18; p<.01). The mean bar press rate per min for the last session 
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TABLE 8 
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METHOD OF OBTAINING SUPPRESSION RATIOS IN EXPERIMENT III 


Preconditioning bar press rate 


CS bar press rate 


Suppression ratio 


a: mean of 
4-1 min s? 
periods 
obtained on 
the last day 
of s-sA 
training 


b: mean of 
4-1 min SA 
periods 
obtained on 
the last day 
of sD-sA 
training 
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of SPs" training was 28 and 11.5 for Bars 1 and 2 during appropriate gP 
and sf conditions, respectively. Thus, though discrimination was good 
between bars, subjects tended to press at higher rates for food than for 
water during appropriate ses: conditions. This difference presumably 
reflects a higher motivational level for food than water, as bar press 
rate was consistently higher for food as opposed to water throughout 
sees" training. 
Acquisition of the Conditioned Suppression Response 

Figure 5 shows the rate and level to which each group acquired the 
conditioned suppression response relative to their performance for the 
reinforcer most appropriate. For example, in Group C-CS, the suppression 
ratios plotted are those calculated for Bar 1 since the A component of 
the compound CS, AX, also served as the gP in this group and subjects 
had been trained to press Bar 1 for food in the presence of the sP 
In Group S-CS, the suppression ratios plotted are again those calculated 
for Bar 1 since the CS in this group, stimulus A, also served as the 
gh In Group D-CS, on the other hand, the suppression ratios plotted 
are those calculated for Bar 2 since the novel CS in this group, 
stimulus X, had been superimposed upon the 5 period. Due to the fact 
that the reinforcement values of food and water had not been equated, 
directed comparisons between rate and level of acquisition of the con- 
ditioned suppression response can only be made for groups that can be 
considered to be working for the same reinforcer in the operant task 
during the conditioning trial; that is, Groups C-CS and S-CS. As the means 
in Figure 5 reveal, little if any difference os be seen between the 


acquisition rates of Groups C-CS and S-CS. Moreover, both attained 


moderate levels of conditioned suppression by the last day of conditioning. 
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ACQUISITION OF THE CONDITIONED SUPPRESSION RESPONSE IN EXPERIMENT III 
(SEE TEXT FOR A DISCUSSION OF THIS FIGURE). 
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These means were .13 and .08 for creupe C-CS and S-CS, respectively. 
Group D-CS is included in this Figure only to show that a moderate 
level of conditioning was acquired in this group as well. The mean on 
the last day of conditioning for this group was .12. 
Performance During Conditioned Suppression Test Trials 

Table 9 shows the design of this experiment plus the suppression 
ratios that were obtained during the Test presentation of each of the 
stimulus elements. Suppression ratios to each component of the 
compound CS in Experimental Group C-CS are presented separately along 
with the suppression ratios for their appropriate single-CS control 
conditions. Suppression ratios to the A component in Experimental Group 
C-CS are most appropriately compared to those of the CS, or A stimulus, 
in Control Group S-CS since the same stimulus served as the gp and the 
CS element in each group. In addition, suppression ratios calculated 
to Test presentations of the stimulus that served as the sa or A 
stimulus, in Control Group D-CS are also presented in this comparison. 
The data for these comparisons are shown in Table 9 in the Test column 
under the heading "Stimulus Element A". Analysis of variance of the 
means of the A component suppression ratios calculated over Test trials 
in Experimental Group C-CS and those of the comparable stimuli in 
Control Groups S-CS and D-CS showed that the means differed significantly 
(F=9.59; df=2/18; p<.01). These means were .30, .16 and .46 for Groups 
C-CS, S-CS and D-CS, respectively. Orthogonal comparisons revealed that 
the D-CS mean differed reliably from both the C-CS mean (t=2.21; df=21; 
p<.05) and the S-CS mean (t=4.17; df=21; p<.01). The C-CS and S-CS means, 
however, did not differ significantly (t=1.92; df=21; p<.05). Stimulus 


modality was not found to reliably influence the A component suppression 
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TABLE 9 
DESIGN OF EXPERIMENT III PLUS GROUP MEAN SUPPRESSION RATIOS 


OBTAINED DURING TEST PRESENTATIONS OF EACH OF THE CS ELEMENTS 


gP_ch Training Conditioned Suppression 
Training 


SULA. Press 50) 
Bar 1 for food 

s4k: Press 

Bar 2 for-water 


D Same as above X*US 
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76 
ratios (F=3.94; df=1/18; p>.05). 


These findings suggest that a conditioned suppression response 
involving aversive reinforcement is acquired to a stimulus that signals 
the availability of appetitive reinforcement, the gs? or A stimulus, 
regardless of whether the @P is presented in compound with a neutral 
stimulus, X, during conditioned suppression training as in Experimental 
Group C-CS, or alone as in Control Group S-CS. Since the soe or A 
stimulus, in Control Group D-CS was not associated with aversive 
reinforcement during the conditioned suppression procedure little 
change between pre-conditioning and Test trial responding would be 
expected during sP presentations. The mean Test trial suppression 
ratio of .48 that was observed in this group is therefore consistent 
with expectations based on the design of the experiment. Moreover, 
this observation tends to rule out the possibility that any of the other 
Test trial results are a function of sensitization as opposed to 
associative mechanisms per se. 

With regard to the Test trial data obtained to the X component 
of the compound CS in Experimental Group C-CS, suppression ratios 
calculated on Bar 2 have been selected as indicating the degree to 
which this stimulus acquired the conditioned suppression response. 

This selection was made on the basis of the observation that bar 
pressing performance during the presentation of the X component during 
Test trials was almost exclusively restricted to Bar 2; mean bar press 
rates during X component presentations in Experimental Group C-CS were 
.2 and 3.5 bar presses per min for Bar 1 and 2 respectively. Thus, 


since conditions were clearly in effect during the X component Test 
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trial presentations, it is argued that Bar 2 suppression ratios are 
appropriate indicators of the ability of this stimulus to suppress 
ongoing behavior. Thus, suppression ratios to the X component in 
Experimental Group C-CS are most appropriately compared to those of 

the CS, or X stimulus, Control Group D-CS. In addition, suppression 
ratios calculated to Test presentations of the X stimulus in Control 
Group S-CS, a novel stimulus for this group, are also presented in 

this comparison. 

The data for these comparisons are shown in Table 9 in the Test 
column headed "Stimulus Element X". Analysis of variance of the means 
GF the X component suppression ratios calculated over Test trials in 
Experimental Group C-CS and those of the comparable stimuli in Control 
Groups S-CS and D-CS were not found to differ significantly (F=1.38; 
df£=2/18; p>.05). As with the A component suppression ratios, stimulus 
modality was not found to reliably influence the X component suppression 
ratios (F=3.94; df=2/18; p>.05). 

These findings suggest that a conditioned suppression response 
involving aversive reinforcement is acquired to a neutral stimulus, 

X, regardless of whether the neutral stimulus is presented in compound 
with an ee the A stimulus, for appetitive reinforcement during 
conditioned suppression training as in Experimental Group C-CS, or 
alone as in Control Group D-CS. The relatively low suppression ratio 
of .21 obtained during Test trials in Group S-CS should not be of 
concern here as this ratio probably reflects the suppressive effects of 


the presentation of a novel stimulus on ongoing behavior rather than 
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some nonassociative effect such as sensitization. Support for this 
argument is found in the similarly low suppression ratios that were 
obtained during such comparable conditions as the first pretest sessions 
of Experiments I and II; these means were .31 and .25 respectively. 

In addition to the within Bars comparisons that have been discussed, 
visual inspection of the Test trial data in Table 9 reveals a between 
Bars effect as well. As can be seen, suppression ratios on Bar 1 to 
the A component of Experimental Group C-CS are higher than those on 
Bar 2 to the X component. On the basis of this observation it could be 
argued that a tendency existed for the A component to acquire the 
conditioned suppression response at a slower rate than the X component 
due to the differential conditioning histories of the stimulus components. 
However, since the appropriate control conditions in each instance, 
that is, the A stimulus in Control Group S-CS and the X stimulus in Control 
Group D-CS, respectively, showed proportional differences in their 
suppression ratios, it appears that the between Bars effect is not a 
result of the differential conditioning histories of the stimulus 
components. Rather, it is argued that the between Bars effect is due to 
the apparently higher level of motivation for food as opposed to water 
reinforcement that was observed earlier in this study (see Millenson & 
De Villiers, 1972, for a supportive discussion of the effects of 
appetitive motivational levels on conditioned suppression responding). 

Secondly, the consistently higher suppression ratios for the CS 
components A and X of Experimental Groups C-CS relative to their 
control conditions are taken to indicate that the burden of associative 


strength carried by a compound CS is distributed among its components. 
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Therefore, it is argued again that the fact that the A component had 
been conditioned to the availability of appetitive reinforcement and the 
X component had not had little if anything to do with the distribution 
of associative strength between these CS components during acquisition 
of the conditioned suppression response. 
Blocking in the S?-s4 Task 

Tenovine for the moment the superimposed conditioned suppression 
task, it is of some interest to reexamine the fact that when the X 
component of Experimental Group C-CS was presented alone during testing, 
responding was virtually restricted to Bar 2 as opposed to Bar 1. These 
means, as may be recalled, were 3.5 and .2 bar presses per min, respectively. 
On the other hand, discrimination ratios obtained during conditioned 
suppression training trials for this group clearly revealed that the 
A component, that is. the gb was in control of responding during this 
period. These discrimination ratios across conditioning sessions were 
-80 and .14 for Bars 1 and 2 respectively. Actual bar press rates 
during CS presentations on the last conditioned suppression training 
session for this group were 4,8 and 1,1 bar presses per min for Bars 1 
and 2 respectively. Thus, the data collected during conditioned 
suppression training trials strongly suggest that the occurrence of 
the X component was most strongly correlated with responding on Bar 1 
as opposed to Bar 2. Secondly, since glean conditions were in effect 
throughout this period, the responses that were made on Bar 1 were 
appropriately reinforced whereas the few responses that were made on 
Bar 2 were not. As previously noted, however, when the X component was 


presented alone during testing, responding was almost exclusively 
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restricted to Bar 2. The X component apparently failed to acquire ge 
properties even though responding and primary reinforcement conditions 
favored it. Due to the fact that the A component had acquired a 
properties during a prior conditioning phase, it could be argued that 
failure of the X component to acquire such properties during the 


"compound gPn presentations can best be explained as a case of blocking. 
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Discussion 

Experiment III was designed to assess the degree to which subjects 
acquired an aversively reinforced conditioned suppression response to a 
neutral stimulus, X, when that stimulus was placed in compound with a 
discriminative eee he which had an associative history involving 
appetitive reinforcement. The results of this study failed to show 
that alate don to the X component was influenced to any marked degree 
by the presence of the A component, and vice versa. This conclusion was 
based upon comparisons of the level of acquisition of the conditioned 
suppression response in control subjects who were conditioned to either 
the X or the A stimulus alone. Although Test trial suppression ratios 
did tend to be greater (though not significantly) to the elements in 
the compound-CS condition as compared to their single-stimulus controls, 
this was attributed to the fact that associative strength tends to be 
distributed equally among equally salient elements of a compound CS 
and not because of any interactive effects that may have occurred as 
a result of the differential reinforcement histories of the elements 
per se. Test trial suppression ratios also appeared to be greater to 
the A stimulus as opposed to the X stimulus in both the compound-CS 
condition and the appropriate single-stimulus control conditions. 
However, this finding was confounded by the fact that the operant 
reinforcers, food and water, for which subjects were working during 
the Test presentations of the A and X stimuli, respectively, were not 
equated in terms of reinforcement value. Thus, the difference in 
suppression ratios noted may have been the result of a higher motivation 


level for food as opposed to water and not the differential reinforcement 
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histories of the A and X stimuli. Higher bar press rate for food as 
opposed to water noted during gbagh training tends to support this 
argument. 

Another finding was that the X component when placed in compound 
with an sPh the A Astusnated failed to acquire sP properties during 
the conditioning phase of the experiment even though responding and 
reinforcing conditions favored it. Thus, it appears that a stimulus 
can fall victim to blocking in one of two simultaneously reinforced 
tasks (the gD_g4 task) but acquire associative strength in the other 
(the conditioned suppression task). Further confirmation of this 
finding would not only prove detrimental to an attentional view of 
conditioning, it would provide further disconfirmatory evidence for 
the surprise hypothesis of Kamin (1968; 1969) regarding effective 
reinforcement value in addition to that reported in Experiments I and II. 

In terms of Rescorla and Wagner's model of conditioning, the 
findings of this study suggest that V values based on appetitive and 
aversive reinforcers should not necessarily be viewed as being opposite 
in sign. Were this the case, acquisition of the conditioned suppression 
response to the X component in the compound-CS condition should have 
been facilitated and acquisition to the A component should have been 
impeded relative to their appropriate single-stimulus control conditions. 
This, however, was not the case. Secondly, these findings suggest that 
VY should not be viewed as relating simply to the nonspecific arousal 
value of the reinforcer. Were this the case, acquisition of the 
conditioned suppression response to the X component in the compound-CS 


condition should have been impeded or "blocked" relative to its 
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single-stimulus control condition. 

These conclusions are potentially confounded, however, by the fact 
that, besides a difference in the nature of the reinforcer used, the 
nature of the response being reinforced in the gP_s4 task differed 
from that being reinforced in the conditioned suppression task. As a 
consequence, the absence of an interaction between the A and X 
components in the experimental condition may be interpreted to indicate 
that (1) V values related to the motivational properties of appetitive 
and aversive reinforcers are independent of one another, or (2) V values 
related to different response systems (bar pressing on one hand, and 
"fear" on the other) are independent of one another. 

Due to the fact that this experiment was exploratory in nature, 
many problems in interpretation were not foreseen. For example, the 
interpretive difficulty arising out of the fact that the value of the 
operant reinforcers had not been equated was not appreciated at the 
onset of this experiment. A second, and potentially more serious problem 
in interpretation arises out of the unknown role s may have played 
in Control Group D-CS in which the novel stimulus, X, served as the CS 
in the conditioned suppression task. For example, it is conceivable 
that s" played a role in this condition similar to that of the oun or 
A component, in the experimental condition. That is, the CS could be 
thought of as being composed of a compound involving the X stimulus 
plus either the sP or the sh in the compound-CS and "single-stimulus 
control" conditions, respectively. Given this to be the case, X in 
the "single-stimulus control" condition would not constitute an 


appropriate control for X in the compound-CS condition since both may 


i : i ; : ~~. saci 


ola. hoes sossotatod edu 96. sive eras Wt oe aie 
Bs ae 4 a. = . a a. ¥ _ 1 7 { . 
he rwtiih dead “Rs'S eda mt iotjwiates geket canegema 
; : he De 
, S wt 


GC PA «Keni 72! aay tae bopaeltiwes sity, Ai ie pore 


% bon A ody peated pottohs snk ADO onal 89°08 


= seq cheb - oF bo 28 1g 38449 sé mew wir 5 hagas te omg ade. abel 
at 

Ovid veges To enh teppetty Loporoavteow.aea ae beep: iin we 
ine ¥ Ft), ey Slestinten ate Sh: fam cient) ele aroonatadey A 


(i 

ah 
vy a 
chptg ano 19D) fel a ier) waa HEE a Sprar teva bib aa 
sialic any 20? tivotaae bite & 38 nah ste ol pm 


vivand- 22 edos@ mae ‘ial tay shone eit Sielef sigh ys wh 


t 


oid ek nga aa area ae, wen tk ven e hi} wget 


ifs i oglay ngs, ea : rues 93, te suis shiaiye Cael 


ore 78 en Sort: gir Spgegpe.cyet ot Sad axpriblinies, 
nitdiiy ays: oa ae Hap 2 fg olgese b cilia ae eet 63 
boo 8a ons vee * iby reer oa i ‘ti: ana lag askangong 
‘Bae ta he ra Py Bnet | Pawan 6a) ands. ‘el soe qinnhs. bon | 


- idamipae ra 248 eye aan «ied masnen tar bouasa bias td oe 
ee es ats Te sorte 9% wiirl>” segrtiews edde ci sior s rosie: Mee f 
ey 
in 
ad Divas ra 209° .#t sett ard £3tuee> Le nom! vag me ans “2 , hanogeegy, oa 
aad GY Co pie 


ce: ee * Leith BOVE owed Gonmuige uta Nemogiens saied on nei: o 
| a7 ; OHURAI-Gizate” bas Fy Nwotnas att? bes wm: a, od4, 29/360) 6) 


sé 3, suns ecu al Ag ats: ee ror ee snot Lhasa " 


84 


have been influenced by the presence of an appetitively reinforced 
stimulus component. It is argued, however, that since sf was not a 
discriminative stimulus, it probably would not have interacted to any 
marked degree with the acquisition of the conditioned suppression 
response to the Mine tenta sine X stimulus in the control condition. In 
contrast, since the A, or a and X stimuli in the compound-CS condition 
were both discriminative stimuli and since both were equally correlated 
with the US, the interactive effects in this condition should have 


been maximized if, indeed, any had existed. 
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GENERAL DISCUSSION 

The results of the preceding experiments strongly suggest that 
the "surprise" value of an unconditioned stimulus is not the critical 
variable in determining the relative effectiveness of that stimulus as 
a reinforcer in conditioning as postulated by Kamin (1968; 1969). From 
another point of view, these findings do not seem to be supportive of a 
two-stage model of conditioning along the lines of the attentional 
theory of discrimination learning proposed by Sutherland and Mackintosh 
(1971). These findings are, on the other hand, most compatible with 
Rescorla and Wagner's model of conditioning (Rescorla & Wagner, 1972; 
Wagner & Rescorla, 1972). And, they are particularly compatible with 
-Rescorla's (1972) recent interpretation of that model. 

In Rescorla and Wagner's model as interpreted by Rescorla (1972), 
the relative effectiveness of a reinforcer in conditioning is not seen 
topbe ar function ofsthes'information value") ofstheryCSaastat relates to 
the US. Rather, it is a function of the level of associative strength 
accrued to the CS relative to that potentially supportable by the 
reinforcer. Although the model is vague in many respects regarding the 
critical aspects of this associative process, several aspects are 
clearly defined. For example, the focus of action is clearly placed on 
the intensive property of the associative process for it is the amount 
of associative strength, V in their model, that is deemed critical. 
Secondly, magnitude of reinforcement appears to be directly tied to the 
intensive property of the associative process in that (1) more-or-less 


associative strength can be supported by a given reinforcer, (2) a given 
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reinforcer is limited in the amount of associative strength it can 
BapneEe, and (3) a given stimulus may acquire positive or negative 
associative strength depending on its relationship with the reinforcer 
and/or the level of associative strength accrued to other stimuli 
simultaneously active. Thirdly, qualitative properties of the reinforcer 
other than its reinforcement magnitude do not appear to be important in 
determining the intensive property of the associative process (except 
perhaps in determining which associative process to reinforce). 

It is primarily in terms of this third statement that the present 
experiments may be seen to contribute to the model. In Experiments I 
Ma II it was found that the modality within which the reinforcer, the 
aversive US in this case, was delivered was not important in determining 
the relative effectiveness of the reinforcer in a conditioned suppression 
transfer task; at least as far as could be determined by the blocking 
procedure. This finding was seen to support and extend Rescorla's 
(1972) hypothesis that qualitative properties of the US are not 
important in determining its effective reinforcement value. Thus, it 
appears that what is important is some less specific property of the 
reinforcer such as its motivational value, or perhaps simply its 
arousal value. 

In attempting to probe the limits of this hypothesis, Experiment III 
was carried out. In that experiment, it was found that acquisition of 
a conditioned suppression response involving aversive reinforcement 
to the components of a compound CS did not appear to be facilitated or 
impeded when one of the components had previously been conditioned to 


an appetitive reinforcer. This finding was interpreted to indicate that 
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the critical variable regarding the intensive property of the associative 
process is not simply the nonspecific arousal value of the reinforcer. 
Secondly, this finding tends to indicate that if it is the motivational 
value of the reinforcer that is critical, appetitive and aversive 
motivational states should not be viewed as being reciprocally related. 
It should be pointed out, however, that due to the fact that the design 
of this experiment did not allow for the partialling out of a number of 
potentially confounding variables, these findings should be viewed 
with caution. In particular, since different response systems were 
conditioned in this experiment to the appetitive and aversive reinforcers, 
it is uncertain to what degree differences in the CRs as opposed to 
differences in the motivational value of the reinforcers used accounted 
for the data obtained. 

This latter qualification points out an important issue that has 
been appreciated only at the termination of this research. Although 
the thread of this issue can be seen at various points throughout this 
study it appears clear at this point that one of the key issues in 
Rescorla and Wagner's model is whether it is (1) the amount of associative 
strength accrued to the CS relevant to the response(s) being conditioned 
that is critical, or (2) the amount of associative strength accrued to 
the CS relevant to the motivational property of the reinforcer itself, 
such as its incentive property (see for example, Bindra, 1974), that 
is critical. For example, holding the motivational property of the 
reinforcer constant, to what degree would there be a change in effective 
reinforcement value if the nature of the CR (through manipulation of 


the task demands) was changed between phases of a transfer experiment? 
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Or, vice versa, to what degree would there be a change in effective 
pernrercenene value if the aversive or appetitive motivational property 
of the reinforcer was changed between phases and the nature of the CR 
was held constant? 

These questions Suetonere require further research before any firm 
conclusions can be made, however, the view that it is the motivational 
property of the reinforcer that becomes associated to the CS tends to 
be favored at this point. This position has been taken for two 
reasons. First, since a variety of individual and possibly independent 
CRs appear to be conditioned in any given conditioning situation (see 
Bindra, 1974, and Black & De Toledo, 1972), it is unclear whether the 
amount of associative strength involved in some or all of these 
responses is what is critical, or, in fact, whether this question can 
ever be answered. Secondly, the motivational interpretation is favored 
because it appears to be consistent with the present findings. For 
example, the finding that changing the modality of the US in Experiments 
I and II did not influence the relative effectiveness of the US is 
consistent with the hypothesis that the critical variable was the degree 
to which the aversive property of the reinforcer had become conditioned 
in these experiments. Moreover, given that specific preparatory and/or 
orienting CRs were differentially supported by the two USs used in 
these experiments, as was speculated, the motivational as opposed to the 
response hypothesis would be able to accomodate the occurrence of 
these differential CRs while leaving the blocking effect intact. In. 
Experiment III, on the other hand, the finding that a stimulus associated 


with an appetitive reinforcer did not influence the subsequent acquisition 
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of a conditioned suppression response suggests again that it was the 
conditioning of the aversive property of the reinforcer in the 
conditioned suppression task that was critical. 

Thus, although the response hypothesis cannot be ruled out on the 
basis of present data, it appears that the effectiveness of a reinforcer 
in supporting conditioning is likely to be anchored in the degree to 
which the CS has become associated with the motivational properties of 
the reinforcer as a consequence of prior conditioning. In other words, 
to the degree that the CS acquires the motivational properties of the 
reinforcer, the ability of that reinforcer to support conditioning 


‘appears to be reduced. 
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APPENDIX A 


GENERAL METHODOLOGY OF APPENDICES 

The following is a selected review of pilot studies designed to 
examine some basic features of conditioning and blocking. In all studies 
to be reported a conditioned suppression procedure was used in which 
either water or food deprived hooded rats weighing 250-350 gm served as 
subjects. The rats were first trained to bar press for water (food) 
in a standard operant chamber under a continuous reinforcement schedule. 
They were then transferred to a variable interval schedule of reinforce- 
ment comprised of an equal number of intervals typically between 1 and 
180 sec, sampled in 15 sec increments, and randomly distributed over a 
1 hr session: A VI-90 sec schedule of reinforcement. After approximately 
5 sessions of VI training, conditioned suppression training was initiated. 
A typical conditioned suppression trial consisted of the presentation 
of a CS terminated by an aversive stimulus, the US. Testing was 
carried out in the absence of the US according to the same procedures 


described for conditioning. 
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APPENDIX B 
PILOT STUDY 1 
The first three pilot studies were designed to examine acquisition 

and extinction rates to different CSs and CS intensities. In the first 
study, 3 rats were given conditioned suppression training to two 
different CS. On odd numbered days the CS was the onset of a 28 vdc 
house light. On even numbered days the CS was the onset of white noise 
set at 62 db with exhaust fan off. The CS was 2 min in duration and the 
US was a 0.5 sec 1 mA foot shock. Subjects were given 16 acquisition 
trials to each CS at a rate of 4 trials per day over an 8 day period. 
Two days of extinction were then instigated with CSs alternating over 
trials: 2 trials per CS per day. Mean suppression ratios are plotted 
in Figure i (A, B, and C are plots of individual subjects, whereas D 
is a cumulative plot). As may be seen, rate of acquisition was faster 
for the light CS as compared to the noise CS, and resistance to 


extinction was greater. 
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APPENDIX C 
PILOT, ‘STUDY —2 

In the second study the intensity of the white noise was increased 
in an effort to equate acquisition and extinction rates for light and 
noise stimuli. In tide cetudy both stimuli were presented simultaneously 
during acquisition. Three subjects were given 16 acquisition trials 
with the compound CS at a rate of 4 per day followed by 2 days of 
extinction. During extinction light and noise components were presented 
alone on alternate trials, giving 2 extinction trials per component per 
day. The intensity of the noise component was increased to 64-65 db 
with exhaust fan off. Mean suppression ratios are plotted in Figure ii. 
As may be seen, rate of extinction was similar for the light and noise 
components, suggesting that each component acquired similar amounts of 


associative strength during compound conditioning. 
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FIGURE ii. MEAN SUPPRESSION RATIOS OBTAINED DURING 
ACQUISITION AND EXTINCTION IN PILOT STUDY 2 (n=3). 
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APPENDIX D 
PILOLE STUDY 3 
The third study was similar to the second except that the intensity 
of the noise component was further increased to 68-69 db. Mean 
suppression ratios for this study are plotted in Figure ee As may be 
seen, the light component elicited only minimal suppression during 
extinction as compared to the noise component. This suggests that one 
component of a compound CS can be retarded in acquiring associative 
strength when paired with a relatively more intense or salient component: 


"Overshadowing' (see Kamin, 1968). 
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FIGURE iii. MEAN SUPPRESSION RATIOS OBTAINED DURING 
ACQUISITION AND EXTINCTION IN PILOT STUDY 3 (n=3). 
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APPENDIX E 


PILOT STUDY 4 

The next study examined the effects of explicitly unpairing a CS 
with shock. In this study, 4 CSs (a 2 min, 2800 Hz tone set at 65-66 db) 
and 4 USs (a 0.5 sec shock of approximately 1 mA) were presented to 
3 subjects in each of four 1 hr sessions. The CS and US events were 
arranged so that the US occurred no sooner than 4 min after CS offset and 
no later than 4 min before CS onset. Mean suppression ratios are 
plotted in Figure iv. As may be seen, there was a tendency for the CS 


to facilitate bar press rate over days. 
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FIGURE iv. MEAN SUPPRESSION RATIOS OBTAINED DURING 
ACQUISITION IN PILOT STUDY 4 (n=3). 
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APPENDIX F 
PILOE SEUDY 5 
The next two studies were designed to examine some basic 
features of the blocking phenomena. In the first blocking study, three 
groups received conditioned suppression training to light and light plus 
noise in pretraining and compound conditioning phases, respectively. 
(Subjects in this study had been used in a non-reported pilot study 
using light as CS.) The intensity of the noise component during the 
compound conditioning phase was set at 64-65 db, an intensity found to 
be similar to the light component in salience (see Study 2). A 0.5 sec 
shock of approximately 1 mA was used as the US in both phases. However, 
during the compound conditioning phase a 2 sec tone followed US offset. 
The intensity of the tone was 105 db for Group I (n=4), 80 db for Group 
II (m=2), and 0 db for Group III (n=2). The tone was intended to elicit 
varying degrees of post-US surprise between groups. Three days of 
pretraining were followed by 3 days of training on the compound CS. 
Testing on the components was carried out under conditions of extinction: 
2 trials per component per day for 2 days. Mean suppression ratios are 
plotted in Figure v. As may be seen post-US surprise as generated by the 


loud noise seemed to have little effect on the basic blocking phenomena. 
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APPENDIX G 
RILOLT STUDY. 6 

The second blocking study was intended to replicate and extend 
Kamin's finding that blocking could be reduced if not eliminated when 
two successive USs were presented during the compound conditioning 
phase to subjects that had experienced only a single US during pretraining 
(Kamin, 1969). In this study, three groups received conditioned suppression 
training to light and light plus click in pretraining and compound 
conditioning phases, respectively. The intensity of the 4 per sec 
click component was eet at 62-63 db, and intensity found to be similar 
tn salience to the light component in an unreported pilot study. The 
first two groups were similar to two of the groups in Kamin's study in 
that both received a single US during the pretraining phase. Moreover, 
during the compound conditioning phase, one of these groups (Group IT; 
n=3) received a second US 5 sec after the offset of the first, while 
the other (Group I; n-2) did not. The third group in this study 
(Group III; n=3) received two successive USs during the pretraining 
phase, and a single US during the compound conditioning phase. It was 
reasoned that if the surprise value of the US during compound 
conditioning is critical for blocking, subjects in Group III should 
perform in a similar manner during testing as those in erate LT eee our 
days of pretraining were followed by two days of compound conditioning. 
Testing involved the presentation of the click component alone for 4 
unreinforced trials on the seventh day. Mean suppression ratios are 
plotted in Figure vi. As may be seen, Group II showed a slight tendency 


to be more resistant to extinction than Group I, a finding similar to 
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Kamin's though not as strong. The performance of Group III, however, 
did not appear to differ from Group I during testing, suggesting that the 
click component was blocked from acquiring associative strength during 


compound conditioning in a similar manner in both groups. 
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APPENDIX H 
DISCUSSLON: OF) PILOT: STUDIES) 1-6 

The first three pilot studies may be seen as serving two purposes: 
To confirm the fact that CS intensity affects acquisition and extinction 
rates under conditions of conditioned suppression, and to find stimuli 
of comparable salience to serve as stimulus components in blocking studies. 
Kamin argued that if conditioned suppression is to be considered a 
Migesicaliy conditioned event, it would be advantageous to demonstrate 
that it is influenced by parameters known to affect other classically 
conditioned responses (Kamin, 1965). Temporal and intensity character- 
istics of the CS were in fact found by Kamin (1965) to affect conditioned 
suppression in a manner similar to other classically conditioned 
responses. The first three pilot studies in this series may be seen to 
support the conclusion that increases in CS intensity, or salience, 
increase eenautasacd suppression acquisition rate and resistance to 
extinction. Secondly, it was reaffirmed that under conditions of 
compound stimulus conditioning, the presence of a relatively more 
salient component tends to retard the acquisition of associative strength 
to less salient components, a phenomenon labelled "overshadowing" by 
Pavlov and examined by Kamin (see Kamin, 1968; 1969). 

The fourth pilot study was similar in design to studies by Rescorla 
which lead him to suggest that subjects learn 'contingencies' between 
CS and US events (Rescorla, 1969). It is argued that the US can be 
made to be positively contingent, negatively contingent, or non-contingent 
upon the CS in conditioning studies, and that subjects learn these 


relationships. In other pilot studies in this series the US was made to 
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be positively contingent upon the CS. In the study under discussion the 
US was made to be negatively contingent upon the CS. That the subjects 
learned different things under the two conditions examined is Den oneeuaeed 
by the fact that on-going operant behavior was suppressed under conditions 
where the US was made positively contingent upon the CS, and facilitated 
where the contingency was negative. 

The two blocking studies revealed several factors of interest. 
First, a demonstration of the basic blocking effect may be seen by 
comparing the performance of subjects in Group III of Study 5 with that 
of subjects in Study 2. The critical difference between these two 
groups is that pretraining to the light component was given to subjects 
in, Group Liiy of Study, 5, but not to subjects an Study 2. in accord with 
Kamin's basic finding, the noise component appeared to be blocked from 
acquiring conditioned suppressive qualities in the pretrained group, 
but not in the non-pretrained group (Kamin, 1968). Secondly, it was 
found that the addition of a surprising event (loud tone) following 
the US during the compound conditioning phase had little if any 
influence on the basic blocking effect (see Study 5). This finding is 
difficult to reconcile with the notion that retrospection as generated 
by post-US "surprise" is sufficient for learning. If one assumes, 
however, that it is the event that generates the surprise that becomes 
the object of conditioning, i.e., loud tone being associated to light 
plus noise and/or shock in this case, then a new understanding emerges. 
Unfortunately, if a tone of 108 db is not sufficiently aversive to 
support conditioned suppression using a 2 min CS, the design of this 


study would not allow one to assess the presence of such an association. 
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It is apparent that further research is required before this issue can 
be resolved. 

The final blocking study may be interpreted in a manner pene to 
Study 5 if one assumes that during compound conditioning the added US in 
Group II (i.e., the surer tite event) became the object of conditioning, 
while the original US served only to support the association established 
during pretraining. Granting this assumption, the tendency for the 
click component to be more resistant to extinction in Group II as 
compared to Group I may in fact be the result of the click component 
acquiring associative strength to the second US and not the first, as has 
been suggested by Kamin (p.61, 1969). The fact that the click elicited 
only minimal suppression when tested alone in this study may be 
accounted for by the fact that the second US occurred 5 sec after CS 
offset, i.e., under trace conditioning procedures which are known to 
retard conditioned suppression acquisition rate (Kamin, 1965). This 
interpretation does not explain, however, why Kamin obtained virtual 
elimination of the blocking effect using this procedure (Kamin, 1969). 
Possibly CS and US events were arranged in the Kamin study so that the 
CS terminated with the offset of the second US, thus avoiding the trace 
conditioning paradigm. Unfortunately, the description of his studv does 
not allow one to be sure what the exact arrangement of CS and US events 
were. 

It is interesting to note that this general interpretation may also 
account for the inability of the click component to elicit suppression 
during testing in Group III of Study 6. Given that the ‘absence of the 


second US' served as the object of conditioning in this group. One may 
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not expect such an association to result in suppressive behavior. In fact, 
one might expect some facilitation over base level bar press rate during 
testing to the click component. Though a facilitation of bar press rate 
was not generally found, on the very first test trial, 2 out of 3 


subjects did show an increase in bar press rate with click onset. 
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APPENDIX I 
PILOT STUDY 7 
The goal of this series of pilot investigations was to find an 
aversive auditory stimulus to serve as the second US in a US modality 
transfer design involving the basic blocking procedure (see Experiment I). 
Secondly, parameters of the modality specific USs as well as the 
modality specific CSs had to be matched so that equal acquisition and 
extinction rates could be obtained for each of the four CS-US combinations. 
In this first study a 1 sec burst of pure tone (4 KHz) set at 
115-118 db SPL was used as the aversive auditory US. The CS was 
either light or white noise or the compound of light and noise in three 
groups of 4 subjects each. CS parameters were the same as those used 
in Pilot Study 2 except that CS duration was reduced from 2 min to 1 min. 
Absolutely no signs of the acquisition of the conditioned suppression 
response could be obtained in up to 20 trials. In other related 
studies not to be reported, frequency of the auditory US was manipulated 
as well as was duration of the CS (reduced to 30 sec on some occasions) 
and duration of the US (increased to 2 sec on some occasions). Under 
no circumstances was pure tone at 115-118 dbs found to support a 


conditioned suppression response. 
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APPENDIX J 
PILOT STUDY 8 
In this study, the white noise that had formerly served as the 
auditory CS was used as the aversive auditory US (US). This stimulus, 
US > was presented for 1 sec at 114-116 db SPL. A second US, the 
aversive tactile stimulus (US.)> also to be used in this study, 
consisted of al sec 1 mA foot shock. The two CSs used in this study 
were light (cS); ace Ine study 2,44and,ae7o db, SPL 1 KHz tone (CS,). The 
CS was 1 min in duration. Groups of four subjects each were assigned 
to each of the four CS-US combinations. As can be seen in Figure vii 
Groups CS, 7US. CS,7US | and cS, ?us | acquired the conditioned suppression 
response at essentially similar rates. Group CSUs» however, did not 
acquire the response. This basic pattern was repeated several times 


in other unreported studies under a variety of CS, intensity and 


db 
frequency parameters. However, in each case where the frequency of the 


auditory CS was greater than 1 KHz, the auditory CS failed to become 


conditioned to the auditory US. 
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FIGURE vii. MEAN SUPPRESSION RATIOS OBTAINED DURING 
ACQUISITION IN PILOT STUDY 8 (n=4 per group). 
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APPENDIX K 


PILOT STUDY 9 

As a result of Study 8, the frequency characteristics of the 
aversive auditory US were examined and it was found that a band of 
noise from 1 KHz to approximately 10* KHz was being presented in the 
conditioning apparatus. Moreover, all auditory CSs used to date had 
been 1 KHz or above. As a consequence Study 9 was designed to compare 
the conditionability of an auditory CS (CS,,) whose frequency (.52 KHz) 
fell outside the range of US. and a second (CS1) whose frequency (5.2 KHz) 
fell well within the range of US: CS,, and CSa were each presented 


Ah 


for 1 min and were set at an intensity of 76 db SPL. Three subjects 
ae 


were given four CS presentations per session with CS, and CS 


T T preceding 


the US on two occasions each in random order. Figure viii shows the rate 


of acquisition to the two CSs. CS. was found to acquire the conditioned 


suppression response whereas CS,,, was not. 
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FIGURE viii. MEAN SUPPRESSION RATIOS OBTAINED DURING 
ACQUISITION IN PILOT STUDY 9 (n=3 per group). 
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APPENDIX L 


PELOT STUDY. 10 
Following some additional pilot investigations, an auditory stimulus 


of 240 Hz was selected to serve as CS Secondly, it was decided to 


fie 
present this stimulus intermittently at 1 CPS. The following study was 


aimed at determining what intensity cS, should be set at in order to 


make it similar in saliency to CS In Group I, four subjects received 


L’ 
8 compound-CS conditioning trials in which CS. wasusetwat /4—/6idb SPL: 
US. served as the aversive stimulus for this group. In Group II, the 
intensity of CS, was set at 76-80 db SPL for four additional subjects; 
US. served as the aversive stimulus for this group. In Group III, 

eight subjects received compound-CS conditioning with CS. set at 83-84 db 
SP Lis US. served as the aversive stimulus for this group. 


As can be seen in Figure ix, CS,, was found to be overshadowed by 


if 


cS. at the two lowest intensities. On the other hand, the same stimulus 


tended to slightly overshadow CS. at the highest intensity. Asa 


L 


consequence, an intensity of 80-83 db SPL was selected for use in 


Experiment I. 
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APPENDIX M 
DISCUSSION OF PILOT STUDIES 7-10 

Although the loud burst of pure tone used in Pilot Study 7 was not 
found to support a conditioned suppression response, a loud burst of 
noise was found to serve this function (see Pilot Studies 8-10). 
Interestingly enough, Pilot Studies 8 and 9 suggest that an auditory CS 
is only able to acquire a conditioned suppression response involving an 
auditory US when the frequency of the CS falls outside the band width of 
the auditory US. Research is presently being designed to investigate 


further this observation. 
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